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SUMARY

On 5 April 1982 some Raytheon Corporation employees became ill while

testing a PATRIOT Missile System Communications Relay Group (CRG) shelter.
Raytheon is the prime contractor for the PATRIOT Missile System.

At the time of the test the shelter's military specification 18,000 8TUH
Split-Package Air Conditioner was in its high heat mode of operation.
Raytheon suspected this air conditioner to be the source of an irritant gas,
and retained Skinner and Sherman Laboratories to sample and analyze the air
conditioner's air output. This immediate effort indicated a significant level
of acrolein in the air.

Following the Raytheon/Skinner and Sherman tests the VSE Corporation was
tasked by the U.S. Army Mobility Equipment Research and Development Command
(MERAO(L.M) PATRIOT Support Project Office to perform an investigation of the
problem. YSE then retained the services of VERSAR, Incorpoated, a
Springfield, Virginia chemical analysis company to assist in the
investigation. The investigation consisted of laboratory analyses of air
samples, equipment inspections and tests, shelter tests, personnel interviews,
conferences, and meetings. During the course of the investigation the U.S.
Army Environmental Hygiene Agency provided input and guidance.

(xtensive gas sampling of PATRIOT air conditioners at VSE during May, June
and July of 1982, and VERSAR laboratory analyses of gasses from suspect
materials, produced no indication of an irritant being generated In the air
conditioner under normal operating conditions. In August 1982 representatives
of VSE and VERSAR traveled to Fort 8liss, Texas to perform tests on the exact
shelter and air conditioner that were involved in the initial incident at
Raytheon facilities in 8edford, Massachusetts. Samples taken during these
tests also failed to indicate the presence of an irritant.

In October 1982 VSE testing of an air conditioner with restricted air flow
through the evaporator, which simulated a blocked return air filter, indicated
nouch higher component temperatures than previously experienced. These
temperatures were particularly high in the vicinity of the right internal
condensate drain hose and at the back wall of the evaporator compartment.
Scorching of the Tygon drain hose, at temperatures up to 385°F, and hardening
of the foam rubber wall insulation, up to 3400F surface temperature,
resulted. Simultaieously, fresh air entering the right side of the unit
cooled the heater overtemperature switches which are located juit above the
right fresh air inlet. This prevented the overtemperature switches from
sensing the excessive temperatures below them and thus turn off the heaters.
Laboratory testing indicated that these elevated temperatures could cause
outgassing of plastic materials in the init and thus produce irritant gases.
This finding was accepted initially as the elusive caute of all of the
problems. The temporary solution was to post a sign n!ar the return air
filters in each shplter warning operators to be sure that the return air
openings are never restricted. A proposed longer range fix involved
relocating the overtemperature switches to be more responsive to temperatures
in the lo4er evaporator compartment and less affected by the fresh air intake.
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Just as this explanation of the irritant problem and proposed solutions
mere vaining acceptance, three other events took place: (1) On 3 November
1982 an irritant exposure occurred in a similar PATRIOT shelter at Fort Bliss
where the return air was known to be unrestricted; (2) A similar irritant
expos-re occurred at Fort Huachuca, Arizona in an ANTSC 109 System
communication shelter using a 36.000 8TUH horizontal compact military air
conditioner; (3) VSE testing of heater elements revealed that the "cold area*
at the end of the elements could attain temperatures above lO000F where they
are supported by Teflon grommets. Teflon begins to outgas a poisonous
fluoride at temperatures around 4004F. The 36,000 STUH horizontal compact
military air conditioner also used Teflon grommets to support similar electric
heater elements.

During November and December of 1982, and early January 1983, extensive
air conditioner testing was performed, including sampling of the 3 November
1982 incident PATRIOT shelter at Fort Bliss, to determine whether or not
fluoride from the Teflon grommets was the long sought-after irritant. All
sampling indicated conclusively that fluoride from the hot Teflon beater
grommets was the irritant which was plaguing that air conditioner, and others,

i under normal operating conditions. These tests also indicated that the Teflon
outgasslng is a time dependent function, with a high initial rate of
outgassing which tapers off to an indiscernable rate after a few hours. It
was this reducing rate characteristic and the type of contaminant which had
eluded earlier discovery by chemical analysis.

Following completion of the investigation several recommendations were
made to and accepted by MERAOCOM. These recommendations resulted in retrofits
and engineering changes which affected 473 '80, '81, '82 and later series
PATRIOT Missile System air conditioners. Principal changes included:

1) Retrofit of 234 '80 and'81 series units to replace unfinned heater rod
Teflon grommets with a metal retaining bracket, and to relocate

*J overtemperature switches to be more responsive to temperatures near the heater
rods.

2) Incorporation of engineering changes to '82 and later series units
which replaced unfinned heater rods with finned rods, and relocated the
"overtemperture switches similar to the changes to the '80 and '81 series units.

Finally, on 29 June 1983 some Raytheon employees complained about a strong
• and offensive odor being produced by the air conditioner of another shelter

undergoing testing. An investigation led to the conclusion that the paint
coating on one manufacturers finned heater rod outgassed and produced the
"odor. It was determined to be nonhazardous, and also to become much weaker
"until no longer detectable after the heaters had been used for sometime.MERAOCOM advised all PATRIOT personnel to have adequate shelter ventilation 30until the heater paint coating burned off.
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PREFACEI
This report was prepared at the request of the PATRIOT Support Project

Office (STRBE-FCP), U.S. Army 8elvoir Research, Development and Engineering
4 Center (BROEC), Fort Belvoir, VA 22060-5606. BROEC was known as the U.S.

Army Mobility Equipment Research and Development Conaand (MERAOCOM) during the
5 April 1982 - 9 December 1983 investigative period concerning the subject air
conditioners. q

Investigations performed and described in this report were accomplished in
accordance with Task Order 039 to MERAOCOM Contract DAAK7O-81-O-0109. This

, task order required VSE to provide engineering evaluation, documentation and
testing service in support of the PATRIOT Program.

*' The authors of this report wish to acknowledge the very valuable guidance
* and contributions provided by the following persons:

Mr. Robert M. McKechnie, PATRIOT Support Project Office, BROEC, Ft.
Belvoir, VA.

Mr. Franklyn P. Good, VSE Corporation, Alexandria, VA.

Mr. Georce F. Sams. VSE Corporation, Alexandria, VA.

Mr. Robert E. Sherfy, VSE Corporation, Alexandria, VA.

References used in this report are attached as appendices A through Q, and
are identified in the Table of Contents.
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INVESTIGATION OF SOURCE OF IRRITANT GAS
PROOUCEO BY PATRIOT MISSILE SYSTEN AIR CONDITIONERS

1. INTROOUCTION

1.1 Background. On 5 April 1982 several Raytheon Corporation employees
became ill while working in a PATRIOT Missile System Communications Relay
Group (CRG) Shelter located at 8edford, Massachusetts. The Raytheon
'Corporation Is the prime contractor for the PATRIOT Missile System.

At the time of the onset of the Raytheon employees illness the CRG shelter
air conditioner was providing heated air while functioning in the high heat
mode of operation. PATRIOT Misslle System equipment shelters are air
conditioned by a government fu'nished 18,000 BTUH Split-Package military
specification air cciditioner.

Suspecting an airborne irritant to have caused their employees' illness,
Raytheon retained Skinner and Sherman Laboratories, Inc., of Waltham,
Massachusetts, a chemical analysis company, to sample and analyze the
conditioned air in the CRG shelter. A sampling and analysis of conditioned
air from a similar shelter and a separate air cnnditioner was also performed
by Skinner and Sherman. Results of the Skinner and Sherman analyses showed a
significant level of acrolein in the conditioned air provided by the three air
conditioners.

Based upon the Skinner and Sherman anaiysis the VSE Corporation was tasked
by the U.S. Army Mobility Equipment Research and Development Command
(MERAOCOM) PATRIOT Support Project Office to perform a thorough investigation
of airborne irritants produced by PATRIOT Missile System air conditioners. To
this end VSE retained the services of VERSAR, Incorporated, a Springfield,
Virginia chemical analysis company.

1.2 Purpose of report. The purpose of this report Is to summarize the results
of an investigation to determine and correct the condition(s) causing persons
to become ill while working in PATRIOT Missile System equipment shelters.
This report ¶Z= requested by the PATRIOT Support Project Office (STRBE-FCP) of
the U.S. Army Belvoir Research, Development and Engineering Center (BROEC),
Fort Belvoir, 'VA 22060-5606. BRDEC was formerly known as MERADCOM.

1.3 5,cope of report. This report covers the time period of 5 April 1982
through 9 December 1983. Major study investigation activities to include
meetings, tests and findings are included within this report. Conclusions and K
recommendations of that time period are also a part of the report.

1.4 Reference to related work. Engineering Change Proposal number ECP
82HE0387 was initiated approximately at the beginning of November 1981 to
correct an unnecessarily high heater element failure rate. This ECP changed
the unfinned heater elements to finned elements, drastically reducing their
surface temperature and therefore their resultant radiant heat. At the same :Z



time, the overtemperature switches were relocated to be more responsive to
heater and internal temperatures, and less affected by fresh air intake.

2. TEST PROGRAM AND TEST RESULTS

2.1 Preliminary tests. As a result of the irritant problem experienced by
enqloyeer of the Raytheon Corporation on 5 April 1982, Skinner and Sherman
Laboratories, Incorporated, of Waltham, Massachusetts were retained by
Raytheon to sample and analyze the air in the subject Communications Relay
Group (CRG) shelter and other PATRIOT air conditioners. During the analyses
large quantities of constituents were found. The most important was
acrolein. Although sampling indicated significant levels of acrolein, the
results could not be substantiated or verified. The procedures used inciuded
mass spectroscopy and charcoal tube procedures. Results of Skinner and
Sherman analyses are presented in Appendix A.

2.2 Expanded tests. To aid in investigation and analyzatlon of potential
irritant sources and hazards associated with the PATRIOT air conditioner, VSE
Corporation was tasked by the PATRIOT Support Project Office to complete a
thorough study of the problem. To compliment VSE's capability, VERSAR Inc.
was requested to provide their in-depth experience and chemical evaluation
techniques to the effort.

In order to expedite the study, VERSAR was authorized to complete a series
of initial tests. These involved organics and inorganics analysis and were
directed toward detection of cyanide, fluoride, and chlorine. Fluoride was
the only inorganic found, and the specific concentrations noted led to the
conclusion that the air in the vicinity of the test area was being
cont~mlnated from another source and did not reflect changes due to the
heater. Quantitative findings are presented in Appendix B.

Concurrent w4 th VERSAR's analysis, VSE and VERSAR developed and documented
a proposed test plan. The plan included physical inspections, onerational
checks, various temperature measurements, power consumption data, and a final
physical inspection. In addition, VERSAR proposed further analysis of organic
and inorganic substances given off during operation of the air conditioner and
heater. The sampling methodology and procedures employed by VERSAR
corresponded to those recommended by the National Institute for Occupational
Safety and Health (NIOSH). Of prime concern were:

1) Chlorine based substances.
2) Fluorine based substances.
3) Acrolein.
4) Other aldehydes.
5) HCN or othrr cyanogen based.
6) HCL.
7) Paint, adhesive components.
8) ýlastic, insulation, elastomer components.
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Physical inspections of subject air conditoners included:

1) Insulation.
2) Wiring near heater elements.
3) Heater elements.
4) Heater grommets.
5) Any debris evident in the compartment.
6) All other items, particularly any non-metal parts.

The proposed test plans as submitted to the U.S. Army Mobility Equipment
Research and Development Lommand are presented in Appendix C.

2.3 Coordination meeting at VSE Corporation. During the same time frame
several conversations between representatives of MERAOCON, the PATRIOT Missile
Systems Office, the Army Environmental Hygiene Agency (AEHA), and Raytheon
were effected. As a result, it was agreed that the MERAOCOM PATRIOT Support
Preject Office would promulgate a draft test plan which would be thoroughly
reviewed for its adequacy for identifying the content of gases present in the
air flow from PATRIOT air conditioners when operating in the heat mode. To
effect this procedure, a meeting of cognizant representatives was scheduled to
be held at VSE on 8 June 1982.

Minutes ef the meeting are in Appendix 0. Much of the discussion was
directed towards results of outgasslng tests conducted by Raytheon/Skinner and
Sherman and MERAOCOM (VSE/VERSAR) on the PATRIOT 18,000 BTUH air conditioner
and AEHA on the Army military specification 18.000 BTUH air conditioner.
Interestingly, the data concerning content of the gases present in the air
flow of the air conditoners was entirely different. This prompted the PATRIOT
Office to request MERAOCOV to take the lead in finalizing a test plan and
initiating testing of new production air conditioners.

2.4 Coordinated test plan development for follow-on gassing tests. The~
remainder of the meeting was spent finalizing the proposed draft test plan.
It was agreed that the plan would effectively incorporate procedures to verify
existence of the large quantities of constittents found in the Skinner and
Sherman tests. The agreed upon plan required sampling of four new air
conditioners for a period of three hours, with three one-hour samples taken
during that time. it included the following parameters:

CONSTITUENTS SAMPLING METHOD ANALYSIS
Acrolein Tenax (cooled) HRGC/MS
Aromatics Tenax (cooled) HRGC/MS
Phalates-Universal (others) .harcoal HRGL/MS
Formaldehide Std-NIOSH-bislfides Standard
Hydrogen Cyanide Std-NIOSH-OLIN NAOH Standard

VERSAR was tasked with drafting the sampling plan, coordinatine it with
AEHA and Raytheon/Skinner and Sherman, and delivering it to MERAOCUM.

3



On 18 June 1982 the finalized zest plan was distributed with intention to
begin VSE/VERSAR preliminary validation studies during the week of 21 June
1982. Testing of the air conditioners was to begin the week of 28 lune 1982
with a Draft Final Report due NLT 28 July 1982. A copy of the finalized test
plan is presented in Appendix E.

2.5 ýCoordinated tests

2.5.1 Four air conditioners- VSE Corporation. Testing of the four air
conditioners began on 30 June 1982 and was completed on 2 Jily 1982. Tests
were conducted at VSE's facility in Alexandria, Virginia. !he effort was
performed with each air conditioner/heater operating continuously during
sampling in the high heat mode. Sampling techniques used would allow
detection of the target par3meters acrolein, aromatics, a broad range of
organic compounds,. formaldehyde, and hydrogen cyanide.

Actual testing of the air condItioners was conducted by VERSAR personnel.
Three one-hour tests were conducted on each unit. During sampling activities,
data conce-ning ambient, unit intake, and unit exhaust temperatures were
recorded at 15-minute intervals. Also recorded were the voltage, wattage,
Hobbs Hours Meter recordings, and static pressure created by the unit in
operation.

Sample collection equipment, sampling methods and areas, a summary of
total samples collected, and inalysis procedures and results are presented in
Appendix F, Section 2.0 atid 3.6.

2.5.2 Fifth air conditioner - VSE Corporation. On 15 July 1982 a fifth air
conditioner (unit SN 801160) was subjected to the same methods applied to the
intensive analysis of the four new units tested during the 30 June - 2 July
1982 time period. This unit was the on., tested previously by Skinner and
Sherman for Raytheon; however, MERAOCOM decided it would be beneficial to test
the unit using the same sampling and analysis techniques applied to the other
units. Procedures employed for testln, the unit and recorde.j results are
presented in Appendix G, Sections 2.0 through 3.2.

2.5.3 Tes-. sample analyses - all five air conditioners. Following the test
plan measurements, triplicate samples were taken during the first hour of
operation of each unit. Samples were sent to ACHA, Skinner and Sherman, and
VERSAR for unaiysis. Upon completion of preliminary analyses virtually no
differences existed between the findings although the Skinner and Sherman
report listed acrolein found in the first hour of one unit (SN 801193).
Briefly, the findings indicated:

1) With the exception of the one. unit, acrolein was not produced by or
from any units tested.

2) Benzene and toluene were observed at extremely low levels. No other
aromatic organic compounds were observed. Thus, aromatic organic compounds
were not produced by or from any of the four new units tested.

4
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3) With the exception of the laboratory/field contaminations, no organics
were found in discharged air at any substantial levels. Levels of
trichloroetheylene were always slightly higher in exhaust than intake in the
four new units.

4) Formaldehyde was not produced by or from any of the four new units
tested.

5) Hydrogen cyanide was not produced by or from any of the four new units
tested.

The fifth unit, tested at the request of MERAOCOM, continued to shcw a
real contamination of intake air by toluene. As with the other units the
exhaust air toluene was somewhat higher, thus indicating possible generation
by the unit but not at a level which would cause protsble concern.. Aside from
this, results of the other target parameters were akin to the four new units;
i.e., non-found.

The report providing in depth discussion of analytical methods, findings,
and conclusions is presented in Appendix H. (Note: Pertinent parts extracted
from VERSAR/Skinner and Sherman/AEHA, and put into Appendix H).

2.5.4 Interim conclusion. Based on the results, the concluslon was drawn
that none of the target parameters set forth in the test plan were present in
the sampling configurations tested. This prompted VERSAR to recommend a
two-fold approach to find and isolate possible chemical irritants:

1) One previously tested unit should be moved into a controlled chemical
environment and disassembled by a knowledgeAble investigative team. Selected
components/materials should then be singled out for thermal irritant
qeneration potential. A prime target for this was the acrylonitrile-vinyl
chloride black foam.

2) The unit should be tested in an enclosure typical of the type in use
when Raytheon personnel became ill. The test location should be free if
environmental contaminents, have a relatively low moisture content, and should
have ambient air temperatures requiring use of the heater. A meeting to
review the sampling results and establish future efforts was set for 21 Jily
1982.

2.6 Test meeting at. VSE Corporation. The primary focus of the 21 July 1982
meeting was to discuss results of irritant testing of the four new production
air conLitioners and the single air conditioner which was in use at the time
the Raytheon personnel became ill and which had been tested by Skinner and
Sherman in April 1982.

Explanations of the precautions taken to assure that gas samples taken
were truly representative of the content of the air as it entered and exited
the subject air conditoners were offered. In addition, discussion of the
coordinated efforts required to take and analyze the samples was initiated.

5.•



1 It was generally agreed that the results were valid. and that they presented
no indication of the target parameters identified in the test plan. Minutes
of the 21 July 1982 meeting are presented in Appendix 1.

2.7 Imroved coordinated test plan 0evelopme,;t. Failure of the samples to
show any significant amorunts of toxicity resulted in the development of new
tests to resolve the potential problem of irritant gases. Results of the 21
July 1982 meeting identified two major categories of new tests; those involved
with the PATRIOT air conditioner and those involved with the CRU shelter.
Essentially, these tests included the following efforts an( were presented as
the Consensus Recommendations for PATRIOT Heater/Air Conditioner Oeveloped at
the 21 July 198? Review Meeting.

1) Disassembly of unit by investigative te.,' - develop and work detailed
plan (Include MERAOCO1, AEHA, Raytheon, Skinner & Sherman, VSE and VERSAR).

a) Verify adherance to specifications (mechanical, electrical and
"material).

b) Find specific materials that could add irritants to discharge air.

c) Study temperature ranges - Normal high heat mode.
S- Safety s.'ltch high heat mode.

- 50% dislarge air, normal high heat mode.

I d) Test suspecl materials by "headspace" or equivelent GC/MS methods
(temperature range to be determined).

"p ~'. e) Measure air flow characteristics.

f) 0o worst case analysis of materials - i.e., destroy and evaluateI? thermal degradation products.

2) Review manufacturing process of acrylonitrile-vinyl chloride black foam.

" * a) General review of manufacture of foam.

b) Oetermine possibility of acrolein carry over (Raytheon hypothesis).

V c) Investigate hardware degreasing as potential sources of acrolein
(VSE hypothesis).

3) Test entire *original incident' CRG enclosure.

a) Oeve',: detailed plan (MERAOCOM, AEMA. Raytheon, Skinner and
Sherman. VSE and VERSAR).

b) Improve Sampling and Analysis techniques as indicated by reports.

c) Control input air (major concern is dryness).

V 6



4) Validate standard NIOSH method 211 for Acrolein.

5) Possible expansion of target parameters (i.e., mines, polyamines,
carbon dioxide, carbon monoxide).

At a minimum it generally was agreed that upon completion of thet4
recommendations it would be possible to use the PATRIOT heater/air
conditioners in the high heat mode or, failing that, at least know the
corrective actions which would be required in order to use the units safely.

ii• As a direct result of the meeting and development of the Consensus
Recommendations VIRSAR developed a test plan which focused on efforts to
comprehensively address each of the major areas.' It was separated into two
distinct tasks with Task I covering recommendation nos. I and 2 and Task 2
covering the remaining recommendations.

Task 1 primarily focused on investigation of potential production of
A chemical irritants through material and mechanical evaluation; whereas, Task 2

was a sampling, analysis and method validation plan of the entire CRG
enclosure from which the first personnel complaints originated. A more
detailed discussion of the plan is presented in Appendix J.

-' 2.8 Improved coordinated tests

2.8.1 VSE test. Having reached agreement on the procedures to be used, the
investigative team met at YS on 9 August 1982 to inspect one of the PATRIOT
air conditioners, thus initiating Task I as identified above. The team
inspected two heater/air conditioner units and noted design and manufacturing
problems. The team also identified materials in the units which could
conceivably release irritants or toxic materials when heated. One of the
units inspected was missing a piece of reflective aluminum intended to protect
the insulating foam from high heat. The team concurred that that was a
serious omission and that the manufacturer's quality control procedures should
be tightened to prevent further omissions.

The temperatures attained in various areas of the heater box were measured
under a variety of condtions. The maximum temperature measured on any surface
in the unit was 2466F.

"A number of materials used in the units were heated and tested for the
presence of outgassing products. At normal operating tempcratures, only two

* materials rvleased any compounds of concern. The adhesive released toluene,
and the insulating foim released carbonyl sulfile, carbon disulfide and
benienq. The quantities of products released were determined to be probably
nonhazardous at n.;',al operating temperatures.

"Two materials, tubing and foam, were tested for outgassing products at
temperatures significantly higher than the worst case temperature agreed to by
"the investigative team (i.e.. 340"F rather than 280*F). These tests were
undertaken to simulate possible outgassing effects when major overheating
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occurred as was apparent in the first units tested at Fort Bliss, Texas. It
was determined that the quantities of caounds released from the foam at
3406F could pose a hazard to personnel in the CRG shelter.

With respect to recommendations nos. 3; 4 and 5 a final list of target
parameters for sampling at Ft. Bliss was finalized and included:

I1) Acrolein.
2) Formaldehyde.
3) Cyanide.
4) Amines.
5) Nydrogen Chloride.
6) Carbon Dioxide.
1) Carbon Monoxide.

"1 8) Semi-volatile organics and aromatics collected on charcoal.
9) Volatile organics and aromatics collected on Porapak N.

The results of analysis and sampling showed that no acrolein, cyanide or
gJ hydrogen chloride were present in the air in the CRU shelter. All samples

were below the detection limit of the methods. Traces of formaldehyde were
found both inside ani outside the CRG shelter, but the levels found were so
low that they were not considered a hazard. An unknown compound which
interfered with the analysis for amines was present in the ambient air at Fort
Bliss. Therefore, no results were obtained for amines. Carbon dioxide and
c'rbon monoxide levels inside the CRG shelter were not significantly different
from the levels found in the ambient air outside the shelter. The charcoal
tube test for semi-volatile organics and aromatics did not detect any
contaminants at hazardous levels. Trace quantities of volatile organic and
aromatic compounds were found in the Proapak N sampling tubeS, but below
"levels which were thought to be hazardous.

9 For a comprehensive discussion of the investigative procedures sampling
methods, analyses and findings of Task 1 and 2 testing, refer to Appendix J.

2.8.2 Interim conclusion. Interestingly, the Task 1 and 2 tpsts proved, for
all practical purposes, to be inconclusive in their findings. As a result,
the conclusion at this point was that there was nothing which would prevent
using PATRIOT air conditioners in the high heat mode if operated its accordance
"with prescribed procedures.

2.8.3 Fort Bliss test. The PATRIOT air conditioner involved in the irritant
emissions incident (serial number 801198) was shipped from VYSE to Fort Bliss
"in El Paso, Texas. This was to facilitate testing of two air conditioners
while mounted on a shelter during the neriod 23-26 August 1982. Air
Conditioner S/N 81013, mounted on a CRG shelter, was inspected through the
"fresh air opening located on the curb side of the unit. This inspection was
performed by VSE personnel. Several of the Teflon bushings which separate the
heater elements from their mounting bracket had melted and were found in the
bottom of the evaporator section. The right hand drain hose locatpd below the
heater elements hAd melted to the extent that it wat badly misshapen and
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flattened on the bottom where it rested on the bottom of the unit. In
addition, the hose top was scorched and had a hole melted or burned into it.
The initial indication w&s that the heater area had been extremely hot. The
only reasonable explanation for this was that the return air intake became
severely restricted as a result of a dirty air filter or a piece of newspaper
or packing paper being sucked against the return air opening. The return air
opening is located at floor level In the shelter. It was also apparent that
some of the heater elements had burned out when the air conditioner was
replaced by air conditioner S/N 801198. This new unit had better heating
capacity than its counterpart. Air conditioner S/N 801198 was fully inspected

W41 at VSE's facility in Alexandria, VA during the week of 9 August 1982. A brief
visual inspection at Fort Bliss revealed no apparent problems.

The exhaust air from both PATRIOT air conditioners were sampled for the
following inorganic and organic compounds:

1) Acrolein.
2) Formaldehyde.
3) Cyanide.
4) Amines.
5) Hyv*'ogen Chloride.
6) Carton Dioxide.
7) Carbon Monoxide.
8) Semi-volatile organics and aromatics collected on charcoal.
9) volatile organics and aromatics collected on Porapak N.

The samples were collected inside the shelter using techniques which would
allow detection of the target parameters. Sample sets were also collected

V outside the shelter to establish baseline ambient conditions for comparison.
Two 2-hour sample sets were collected with S/N 801198 unit operating with the
heater off, in the air conditioning mode. This was done to verify that none
of the target parameters were present inside the CRG shelter when the

4 Heater/Atr Conditinner was operating in other than the high heat mode.

In subsequent sampling, both air conditioners (S/N 801198. 81013) were
operated with the main switch on high heat and the thermostat set at the
highest heat setting. The over-temperature switch and thermostat were not

bypassed in this sampling because: 1) the ambients at Ft. Bliss (65-65*F)
were not characteristic of temperatures encountered during winter months when
the heaters are actually used, and 2) thire was a desire to maintain
temperatures in the CRG which would faci)itate testing procedures and
personnel comfort. As a minimum, at least 50% of the heater rods were
expected to be on under any condltion in the hMqh heat mode.

The results of the samplings showed that no acrolein, cyanide or hydrogen
chloride was present in the air in the CRG shelter. All samples were below
the detection limit of the sampling methods. Traces of formaldehyde were
found both inside and outside the CRG shelter, but the level: round were so
low that they did not constitute any hazard. An unknown compound which
interfered with the analysis for amines was present in the ambient .' at Ft.
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S81liss. Carbon dioxide and carbon monoxide levels inside the CRG shelter were

not significantly different troa the levels found in the ambient air outside
the shelter. The charcoal tube test for semi-volatile organics and aromatics
did not detect &ny contaminants at hazardousllevels. These quantities of
volatile organic and aromatic compounds were found in the Porapak N sampling
tubes, but were well below leveis considered to be hazardous.

Post-test inspections of both air conditioners revealed no sign!ficant
:4changes to either unit. For further detailed information on data collection

during these tests, refer to Appendix K.

2.8.4 VSE test. After the inspection and subsequent testing of air
conditioner S/N 81013, the unit was shipped back to VSE for further
investigation. The overtemperature switches in the unit wer? tested to
establish that they opened at reasonable settings to protect the system.

The CRG shelter, at the time of the incident at the Raytheon plant, was
located outdoors in very cold weather with the air conditioner operating in
the high heat mode. The fresh air intake duct is mounted on the right (curb)
side of the air conditioner on this shelter (refer to Fig. 2, Appendix L).
With this configuration, if the return air is severly restricted, a large
quantity of cold, fresh air is introduced into the air conditioner, bathing
the overtemperature switches in cold air and preventing them from sensing the
true temperature in the inner evaporator compartment. Therefore, they will
not turn the heaters off and cannot protect the heaters or evaporatorU compartment materials under this abnormal operating condition.

A test was run at VSE on 8 October 1982ion air conditioner S/N 801185
which was identical to S/N 81013. The testlobjectives were to determine

L2• critical internal air conditioner unit temperatures with the return air inlet

block, and to investigate 'quick fix' possibilities to minimize the hazards
under adverse operating conditions. Dry ice was maintained in a fabricated
cooling box at the fresh air makeup to keep the intake air cool enough so that
over-temperature switches did not trip during testing. Figure 3 of Appendix L
illustrates the completed test set-up. Temperatures were independently
monitored by thermocouples placed throughout the unit.

The first test was run in the low heat ",de, with the fresh air intake
duct on the right (curb side) of the air conditioner unit and the return air

.7 duct blocked various amounts from wide open to completely closed. The
condensate drain tube temperature reached 322"F. The same test under the high
heating mode yielded a maximum drain tube temperature of 386*F before the
heaters were manually turned off because of, a burned rubber odor coming from
the unit. The test data indicated that untess the return air duct opening is
restricted more than 90%, no excessive temperatures are evident in the
evaporator compartment. Tests indicated a repeatable drain tube temperature
of approximately 3850F with the return air completely restricted, and the
fresh air intake duct on the right side. That was a direct result of the
observation, during operation, that the overtemperature switches generally
would not trip with outside air temperatures below about 68*F. The Tygon
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tubing used for the condensate drain had a normal maximum working temperature
of approximately 180*F. Under the same conditions, but with the fresh air
intake on the left side, the overtemperature switches repeatedly tripped,
limiting the right drain tube to about 3074F. With the exception of the
heater elements that drain tube, with the fresh air intake in either
configuration, appeared to be the hottest component within the evaporator
compartment under very restricted return air conditions. In addition, the
lower right rear wall reflective metal reached about 340°F under the same
condition. This metal was cemented directly to a synthetic foam insulition
material, which could also be adversely affected by temperatures in that high
temperature range.

Disassembly and inspection of the unit following these tests revealed that
the right side plastic drain tube had melted and burned exactly like the one
found when S/N 81013 was inspected 23 August 82 at Fort Bliss.

A couple of "quick fixes* were attempted to keep the outside air from
affecting the over-temperature switches and to reduce temperatures atý or near
the right plastic drain hose. One quick fix was a metal baffle to shield the
right drain tube from heat radiation which originated at the heater elements,
and which was reflected off of the reflective metal which protected the foam
rubber wall insulation. Another test was run in the high heat mode with the
return air intake closed. The results showed that the installation of a
baffle reduced the drain tube temperature to a high of about 2700F with the
fresh air intake on the right or curb side of the unit. With the intake on
the left side, the high temperature of the tube was about 3071•.

The other quick fix tested was a small air deflector, in the right side
fresh air opening, to deflect incoming air away from the overtemperature
switches and downward toward the right drain tube (Refer to Fig. 4, Appendix
L). The diverter, during test, deflected the cold air away from the

* over-temperature switches, and kept the right drain tube temperature from
exceeding 1604F. However, the diverter was ineffective with air conditioner
units configured with the fresh air intake duct on the left side. The drain
hose attained about 307"F in that configuration before the overtemperature
switches reduced the heat.

Therefore, it was apparent from the test results that neither "quick fix'
offered adequate protection to internal materials of the evaporator section In
both configuration of air conditioners. Of note at this time in the
cironology of events Is that Engineering Change Proposal number ECP 82HE0387
had been initiated during late October or early November 1981. This ECP was
developed to correct an unnecessarily high heater element failure rate. it
also had the ibility to completely protect the unit, regardless of external
blockage of the return air duct, by relocating the overtemperature switches to
be more responsive to heater and internal temperatures, and less affected by
the air supplied through the fresh air intake.
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After the previously described testing at VSE 8-18 October 1982. the
scenario of a return air duct completely blocked was agreed to as the cause of
the irritant release incident in Massachusetts on 5 April 1982 (Reference
Appendix M). Temperatures within the evaporator assembly were suspected of
reaching values above the nornal working temperatures of several materials
located in that compartment when the return air duct is blocked in the high
heat mode.

Outgassing experiments were performed on several suspect materials within
the air conditioner, as was previously reported. The temperature at which
these matv, ials were heated to (280*F) was determined by the measurement of
normal operating temperatures within the evaporator section under a high hcat
mode. An additional margin of 15% was added to arrive at 280F. After the 23
August 1983 inspection of the previously overheated air conditioner at Fort
Bliss, it was decided that the insulating foam and Tygon tubing be
investigated at the elevated temperature of 340*F, ahlch would have been

typical under the over-temperature situation with the return air duct
blocked. Still no significant out-gassing was detected at those temperatures
(Reference Appendix M). The knowledge of that fact aid the occurrence of
several events around that point in time rekindled the exhaustive search for

the cause of the irritant.

2.9 Second and third irritant exposure Incidents. On 27 October 1982 another
irritant exposure eccurred at Fort Huachuca, Arizona in an ANTSC 109 System
communication shelter using a 36,000 BTUH military unit. On 3 November 1982 a
third irritant exposure occurred in a shelter similar to the PATRIOT shelter
at Fort Bliss. in which VSE had done their sampling. However, the return air
duct was reported to be unobstructed. It was reported that seven individuals
had been exposed to some form of chemical irritation over a period of two
weeks. The chemical exposures happened when the heaters were used, and
significant damage to the Teflon grommets of both heaters in the shelter was

observed. Coughing and dryness of throat were the most commonly reported
effects first noted. Other symptoms of sleeplessness, severe headaches, and
chest pains were also reported (see Appendix N).

Because the irritant source was still unconfirmed as a resu't of the
aforementialnel occurences, a new set of hypotheses had to be derived, there
were general su:oicions that the Teflon grommets. which were in direct contact
with the heating ,-os, were not limited to 290OF under normal operating
conditions. Also, the surface temperature of the rods at the alleged "cold*
end had never been nwsured (see Appendix N).

An investigation was plan ed to determine the surface temperature of these
heater rods near their cold ends. Also, surfaLe tempertures on the culd ends
of finned heating rods were lcoked at because ECP 82HE0387 would soon direct a
change of the unfinned rod elements to the finned version to reduce heater
failure.

I
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2.10 Teflon (TME) grommet tests

2.10.1 VSE test. Testing commenced on 5 November 1982 at VSE. Section
drawings in Appendix H show that the electric wire element inside the finned
heater stops considerably farther, approximately 2 inches, from the cold end
of the rod as compared to the 0.63 inches of the urfinned heater. The results
of temperature measurements taken during those tests showed that, at the
Teflon grommet interface (.75 in from the cold end of the rod), the
temperatures varied from 1228"F to 100"F. At that same critical area, .75
inches from the cold end, for the finned heating rod no temperature greater
than 400"F was recorded. Test results showed that the finned elements
conducted heat away from the electrical wire element more readily than the
unfinned rods, and therefore would significantly increase heater life. The
lower radiant energy would result in lower temperatures in other materials,
including the plastic and rubber materials within the evaporator compartment.
The unfinned heater rod cold end surface temperature was found to greatly
exceed the normal working temperature of Teflon by at least 6000F.

2.10.2 VERSAR tests. Concurrent with the testing at VSE, MERAOCOM, on S
November 1982, contacted VERSAR to ask that an appropriate investigation be
undertaken. An industrial hygiene investigative team was dispatched to Fort
Bliss. This team interviewed six of the seven individuals who had been
exposed to some form of chemical irritation over a period of two weeks at Fort
Bliss (See Appendix N). Based on their observations and discussions with
AEHA, it was determined that the air would be monitored for hydrolyzable
fluoride, chloride, sulfur dioxide, acrolein, and several other organics. The
air conditioner units involved in the !.•cident on 23 November 1982 at Fort
Bliss would be teste~d at low heat and high heat, with and without gromnets.
The following sampling scheme was conducted with the Teflon (TFE) groffmn.ts in
position on both heater units and operated as described below:

1) 1/2 hr sampling run with both units on high heat.
2) 1 hr sampling run with boti' units on high heat.
3) 1 hr sampling run with both units on low heat.
4) 1 hr sampling run outside shelter - referred to make-up air..

All TFE grommets were removed from both heaters and were submitted to
VERSAR's laboratory for gravimetric analysis after the above sampling runs. A
final sampling run, without the TFE grommets in position, was conducted under
a one-hour sampling run with both units on high heat 'U

An analysis of the sampling revealed the highest flouride levels occurred
during the first 30 minutes of heating in the high heat mode (see Appendix N).
Fluoride was not detectable in the air samples after the TFE grommets were
removed. It was not detectable in the ambient air. There was no evidence of
elevated sulfur dioxide, acrolein, volatile or semi-volatile organic compounds.

Each grommet removed from the air conditioners during the sampling was
weighed, and '.he results comV2red to a new set of grommets obtained from the
manufacturer of the units. The average weight of the used grommets was less
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than the new. Since TFE is 76% fluorine, an estimate of fljorine lost from
the groimets in both air conditioner units was 3.61 grams (see Appendix N).
There were no officially accepted Threshold Limit Values (TLVs) for the
decomposition products of TFE.

Based on the weight loss and obvious damage to TFE grommets in the units
involved in the 3 November 1982 incident at Fort Bliss, MERADCON decided to
remove all TFE grommets from similar units. All enclosures in use at Fort
Bliss and White Sands, New Mexico wero subjected to the same test series as
previoisly described. Field sampling was conducted on 22 November 1982 at
Fort Bliss and on 23 November 1982 at White Sands Missile Range. Seven
shelters were sampled while the heater/air conditioners on each shelter were
operated in the high heat mode. Ouring all tests all TFE gronnets were
removed from the heater rods. No fluoride was detected in the ambient
samples, and little cr no hydrolyzable fluoride was found in t'? seven
shelters. No significant amounts of chloride, acrolein, or. semi-volatile
organic compounds were found in the samples taken.

In all tte 4romets that were removed from the heaters at Fort Bliss, a
weight loss was observed in every set. A testing arrangement was set up at
VERSAR to determine the major products of the decomposition of TFE grommets in
contact with a heater rod from a PATRIOT Heater/Air Conditioner (see Appendix
N). A grommet was placed 0.3 cm and 1.5 cm from the end of a single heating
rod. It was bathed in a stream of purified air, which facilitated collection
of the gases resulting from TFE decomposition.

The data showed that the amnunt of fluoride lost, estimated through weight
measure, will consistently show up as hydrolyzable fluoride. Visual and
quantitative results showed that most of the grommet in direct contact with
the rod was vaporized within the first 30 minutes of the test.

No acrolein was detected during these experiments. The decomposing TFE
grommets did not produce measureable amounts of acrolein. A fairly large
amount of semi-volatile organic compounds were produced during the
decomposition of TFE. Given the large air dilution that occurs when the
PATRIOT Heater/Air Conditioners are running, the results would probably be
below the detection limit in actual use. In contrast to this, the results for
hydrolyzable fluoride were 2 million times greater than the detection limit
(see Appendix M.). A coating of fine white pjwder was observed on the inside
of the test equipment. This vaporizec TFE particulate matter accounts for the
remainder of the grommet weight loss during decomposition.

Additional field sampling tests were conducted at VSE on 8 January 1983.
A PATRIOT heater/air conditioner was outfitted with new TFE grommets and then
operated in a *controlled" high heat mode. The results of that sampling
demonstrated that fluoride concentration reached a maximum sometime after 10
to 20 minutes of operation. The concentration slowly fell off for the rest of
the experiment. The grommets were then weighed after sampling. It was found
that between 19.2% to 26.0% of the fluoride lost appeared as hydrolyzable
fluoride.

14
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On 20 January 1983, further testing was performed in an ICC shelter at
Fort Bliss. The heater/air conditioner units were run with new grommets in
them. Every sample collected contained hydrGlyzable fluoride. The maximum
concentration of hydrolyzable fluoride was always found during the first
thirty minutes of operation. The maximum fluoride levels for the experitaent
ranged from 48 ug/m 3 to 448 ug/m 3 . Other publications indicate that
decomposing TFE may cause symptoms of Polymer Fume Fever when the
concentrations of hydrolyzable fluoride are approximately So ug/iu3 . This
indicates that the hydrolyzable fluoride levels found in the ICC shelter were
unacceptably high (Refer to Appendix N).

The results collected also showed that the conditions with the highest
return air flow and the greatest percentage of return air also had the least
weight loss and the lowest fluoride concentration. The returi air in the
PATRIOT Heater/Air Conditioners entered tha units directly in front of the
heating rods. As the return air flow increased, the heating rods were cooled
and the TFE grommets were exposed to lower temperatures. When the return air
flow decreased, the heating rods got hotter, and the TFE grommets were exposed
to higher temperatures. The make-up air did not appear to affect the fluoride
levels because it entered the units very close to the intake of the squirrel
cage fans. The air probably did not pass over the heater rods, thus it had no
effect on the temperatures that the TFE grommets are exposed to. The highest,
fluoride concentrations were found when both heater/air conditoners were
running, and when the shelter cooling fans were on. This increased the total
air flow through the shelter, and increased the dilution of the TFE
decomposition products. However, it also decreased the return air flow, and
therefore increased the amount of TFE decomposition, or weight loss, and the
rincentration of hydrolyzable fluoride. The cooling fans had the same effect
as blocking the return air. The exit air temperature was raised and the TFE
grommts underwent a more rapid decomposition.

3. CONCLUSIONS

Conclusions reached by this investigation were:

1) Persons who became ill while working in PATRIOT Missile System
equipment shelters were exposed to the decomposition products of Teflon (TFE)
heater rod grommets installed in shelter air conditioners.

2) Decomposition of TFE grommets occured when shelter air conditioners,
were being operated in their hih heat mod,.

3) Decomposing TFE grommets produced unacceptable levels of decomposition
products, many of which were known to be of a hazardous nature. Of these,
hydrolyzable fluoride was released in. substantial quantities, and most likely
produced the symptoms described by those persons who became ill (see Appendix
M).

4) The amount of decomposition of TFE grommets was inversely proportional
to the return air flow of the air conditioners.
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5) Poor manufacturer's quality assurance allowed one air conditioner to
be delivered without a piece of reflective aluminum protective material,

4. RECOMMENOATIONS

Reco mendations made to prevent further outgassing of heater rod Teflon
(TFE) grommets were:

1) Remove heater rod TFE grommets from all shelter air conditioners.

2) Replace TFE grommets with acceptable high-heat resistant materials.

3) Relocate the overtemperature switches.

4) Reform manufacturer's quality assurance procedures.

5. FOLLOW-ON ACTIVITY

5.1 PATRIOT air conditioner modifications

5.1.1 Engineering Change Proposal (ECP). ECP 82HE0387. discussed in
paragraph 1.4, included two very important modifications to the PATRIOT air
conditioner. These modifications were:

1) Change unfinned heater rods to finned heater rods.

2) Relocate heater overtemperature switches to make them less responsive
to-fresh air intakie and more responsive to unit internal temperatures.

This ECP was applied Lo all new production air conditioners with 82--- and
later serial numbers. The change to finned heater rods eliminated the earlier
design which used TFE grommets with unfinned heater rods (see Appendix 0).

5.1.Z VSE quick-fix. MERAOCON requested VSE to develop a quick-fix to remove
TFE grontmets from 80--- and 81--- serialed PATRIOT air conditioners. The
unfinned heater rods were retained, but a new metal adapter was used to
replace the TFE grom. ts (see Appendix P).

5.1.3 Modification status. According to MERAOCOM records 473 PATRIOT air
conditioners were produced. Of these, 234 with 80--- and 81--- serial numbers
underwent the quick-fix modification, and the remainder were produced
according to ECP 82HE0387. The air conditioner Technical Data Package (TOP)
was updated, to include all known ECPs, by 1 January 1984.

5.2 Fourth irritant exposure investigation. On 29 June 1983 the PATRIOT air
conditioners were operating in the high heat mode, under test condition, at
the Raytheon, Andover, Massachusetts facility. Employees testing an equipment
shelter reported that these two air conditioners produced objectionable
odors. Both air conditioners had 82--- serial numbers and were therefore
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produced with all £CP 82HE0387 changes incorporated into their design.
MERADCOM requested VERSAR to assist in evaluating this new objectionable odor
proble.

5.2.1 MERAUCON evaluation. MERADCOM, assisted by VERSAR, tested four 82---
serial numbered air conditioners at their Fort Belvoir facility. Or these
four units two came from the New Cumberland Army Depot. one from Raytheon, and
one from VSE. All units hao finned heater rods. The YSE unit, a 82---
prototype, had heater rods manufactured by Company "A', whereas the other
three unit's heating iods were manufactured by Company "88.

VERSAR sampled and analysed air outputs of the four units as they operated
in the high heat uiode. Test results showed that Company *B" finned heater
rods produced the same objectionable odor, a "new paint" odor, as reported by
Raytheon. The odor was traced to the heater rod paint coating used by Company
'98. The odor was not toxic and not hazardous to humans. It was most intense
when the heaters were first turned on, but diminished as the heaters were
used. Different air conditioners produced varying amounts of this odor,
probably dve to production variations of the amount of paint applied to
individual heating rods (see Appendix Q).

Thelfinal steps in this evaluation process consisted of MERAOCO04 personnel
operating two air conditioners installed in a PATRIOT shelter at the Raytheon
facility. After four hoers of exposure to the heated air, produced by the
heatersloperating in their high and low heat modes, the MERAOCO4 personnel did
not evidence any ill effects. The paint odor was present upon initial use of
the heater, but became nondetectable within an hour after the heaters were
turned on (see Appendix Q).

5.2.2 Investigation conclusions. Based upon their evaluation, MERADCOMI
concluded that the: t

1) :PATRIOT air conditioners with 82--- serial numbers pose no special
hazard because of the use of the new painted heater elements.

2) ýOdor of 'new paint' recurs each time the heaters are rostarted over
some undertermined length of ooerating time.

3) PATRIOT air conditioners with 82--- serial numbers are safe and usable
in their heat modes (see Appendix Q).

5.2.3 Recommendations. KNRAOCOM's recommendation to the Project Manager,
PATRIOTI Missile System. DARCOM, was that the 82--- serial numbered air
conditioners be released for use in the PATRIOT system (see Appendix Q)"

NOTE: GFE PATRIOT air conditioners with 82--- and later serial numbers were
released for use in the PATRIOT system. Changes to the PATRIOT manual were
not deemed necessary, nor wure any made with concern for these air
conditioners.
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APPENDIX A

Skinner and Sherman, Technical Report
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1 of I6

* -a I
Hartwell Road

sedford, MA 01730

Attontiont Mr. Andrew Granese

a. . 1151 iRi" TERENCE: Purchaza Order No. 71-38808D16508!

PROJWCr DE~SCM"IPrON:

To Id4oistify volaktiln r~nn ixrinmntm rnynmf-4nrj fr-* 4--riy1 l
heating unitz. . .

The following samp*oc wcxc t3Y.cn from the CRG '#1 ;4-8-82), loca•:d
at Vodford: . II
Comu.nications RnlA' got
QuU1U*8 Mlbviilu 3ystem Ttucx

Mountnd-A1JMA~h- 1 7 (x0-1)Y.rtal mo. GO073 ;

Contract No. DAAMO-80-CO001;

Air-Condlitioning/veater Uilt Serial No.81013, 134.8 hours.

I of 12 - rTh-%rr',1 • A, Skinner & ShemnRn Pump 7898, 1.18
lituxv per minute, thrne hours - 212.4 liters -
Inside clo..deht1to4.. I

.2 ot 12 - Charcoal Tube B, Skinner j 1 Pa789, 1.18

Inside closed shelter.

.3 of 12 - Coas bampler C, flow-through sample - five minute
flush - tnaen after unit running for three hours.

4 of 12 Charcoal Tuba D, Skinner & Sherman Pump 7896, 1.18
litcra per nintae, 2 1/2 hours, 177 liters, AM/mea-er

L.. I-

# ... .. 5 . .• - . - _ b ,+•. +. A ' I•. •* - ,A,.+ i,, T1.. y .i l.. a I' d L .a 6- .¶- .a +,o kdP '
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26 Wp-il 1982 i
~,~TEHNIALPage 2of 6 f

CLIENT s Raytheon i

.CASE ?Os 15518 2 1
..

5 of 12 - Charcoal Filter E, Skinner A Sherman Pump 799R, A.•81
liturs per minute, 2 1/2 hours, 177 licers, At/geaterir pts: removed - outside shelter.

nOre: Diesel EP Unit less than three feet away from shelter durHn4
testing. The following s5aple was taken from the ICC #19
"(4-9-82) located at Andover.

Air-Condit ionlng/Heatvir Unit
Part No. 97403ASSY1322L9120
Serial No. 81014
364A6 houra

6 of 12 - CharcoAl Filter F, Skinner & Shcrman Pump 7R96, 1.18
liters per minute, thrue hourv, 212.4 liters - Inside ,
open thelter, power ehut off for approximately . 1/ 2 '
minutes during test. ,

The aollowing samples were taken from an Air-Conditioning/$eater
Unit (4-14-82) located at nedfordt

Sarial No. 801160, New Unit Zero fours

-" 7 of 12 - Cas Samplar C, flow-through sample - taken after unit'
running 1/2 hour. -

"8 of 12 - Charcoal Tube H, Skinner 4 Sherman Pump 7896, .1 :
liters per minute, one hour, 70.8 liters, AC/Heatr
outzide shielter. j

"9 of 12 - Gas Sanpper I, flow-through sample - taken after unit:
running 1 1/2 hous. i

1 10 o 12 - Charcoal Tubo. J, Skinner & Sherman Pump 7897, 1.19
liters per minute, two hours, 141.6 liters, AC/Heater
out•ide shelter.

11 of 12 - Ca Sriipler K. flow-through sample taken after unit
running 2 1/2 hours.

"-I's #- Entifnt t ' 4r •e8 .4 -d *Ad tIw¶ .

No~w England Laboratories 4-3
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TECHNICAL REPORT-
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-Page 3of6 6

"CLIENT: Raytheon -I

S"OX• 1552-9 ' . ,

* I

_11 of 12 - Charcoal Tube L, Skinner & ShermAn Pump 7898, 1.18 LI
liters per minute, threc hours, 212.4 liters, AC/Kbatiir
outside shelter. .

Notes The above testing sequence started at 130 PM:

1:37 PH - power shut off.

1a47 PM- power turned on.

1:52 PH - diesel EP Unit turned on outside building.,

1:57 PM - powex shut off. .

1:58 PM - power turned on.

1:59 PM - right side of unit blocked off.

Note: During the testing of the three units, the heater control
were set on warmer and high heat. I

PT1HODS OF TESTS:

Charcoal Tubest

Each charcoal tube was transferred to a flask and the flask was
attached to thn mass spectrometer. Each sample was slowly heated 1
frow -190*C to +1250C at a vacuum of 10-7 torr. 4ass spectra '
were measured from mass 1 to mass 500. IN

Can Samoilers j

The mass spectrometer was pumped out to the ga- cylinder inlet. 'A
background spectrum was then recordad. The gas cylinder inlet was
then opened and the mass spectrum wan recorded at diffnre.nt sensi-
tivities. The intuns-ity of each sub.tituent could then be converted
to percent concentration from the sensitivity factor of each molecule.

Vt. Me,4 .- I. .t -. 4f I• - ./ " -% - ".-
.... a. ~ ~ - f, 'ki..*ra 

1 
.- *ei.f l 6- -w- 4- 4 -. b..4r - as Oft."% .1~. . A.

Noaw rnn~iand Laboralorles 4
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CLIENT& R aytheon .t- I

CS"E NOS 15518

.RESULTS: t.; • i I

-AC/Hcatcr Unit, Serial Va. 81013 -184.8 Iours

Concentration, parts per million, by volu.qe ,I

Chemical Charcoal Tube Gas Sampler Charcoal Tube,
Contm.ind:nt inside, 3 hnnrs inside, 3 hours Outside, I ho

A E C!,

Chloroform 0.B 0.4 0.2 0.4 1:0.2 *;

B Eenzene 0.3 0.1 -- -

Toluen, 0.02 0.03 --- .01I ,
PAcrolein 0.05 0.06 - 0.02 :0.02'

AC/Reater Unit, Serial No. 81014 - 364.6 1hours

Concentration, parts per million, by voluTe

Charcoal Tube
, Chemical Contaminant insido, 3 hours

Trichlorotrifluoroethane 3

-. Chlorotrifluoroethane 1.5

-Z 0.1451'4 V
4. . , . ,

• ~N ow En aland LAbormtodes A -5"



TECHNICAL REPORT
- . 26 April 1982:

paqa Of 6
LILEN: Raytheon

%A7 f,,o, 15518 'Ii
AC Zleater Unit, Serial -,4c. 8011G0, Zero .ours I

Concentration, pnrts per million by vol=eLj

Clbemical Cs~x~e
Contaminant G,- 1/2 hr. I, 1 1/2 hr. x, 2 1/2 hr..

Chloroform 3 4 3 .
Benzene 0.5 0.3 0.2
Toluene 2 2 3
Acroln 1 1 2I
Dichloromethane 10 5 25
Trichloroethane 2 3 .5 "

Dichloroethylons - - . ii.

Carbon tetrachloride - .- I
Heptanol - - " '

Charcoal Tubes

9, 0-1 hr. J, 0-2 hr. L, 0-3 hr . ,'

Chloroforz. 0.7 0.4 0.09
Benzene 0. 01 0.01 0.00S
Tolucne 0.5 0.01 0.01
Acrolein 0.04 0.07 0,04'
Dichloramethano 1.3 3.7 19 '
Trichloroethane 0.4 0.4 2.6 . I
Dichloroethylone 0.2 0.3 0.01
Carbon tetrachloride 0.04 0.1 0.2Roptanol -3 - I

Note- The sen=itivity limit for chemical contaminants was 0.01 _

part per million by volume in the charcoal tubes and 0.1
part per million by volume in the g3s samprles.

I I

2 t

7Ni Wsr " hod "-a bo 1 W ,6 .o 4ioM q 5 P W a.. .

Now Er:.Iand Lsbofolorioz I
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. .*Page 6of 6 - 1
I

15518 I.c•=., ls18 )I:'

coMMI CO•METs : t

The air sxLoIcr analyses providc precise numbers (ppm) for each' "

chemical contaminant. The sample is collected and then measured;
d directly by mass spec!roscony. The dicadvantagc with the air i
sampler analysis is that it is an inctantancous reading.

The charcoal tube procedure technique is lesn prcciro. Problems
can arise from trapping efficiency, volatil'zinq after collectiOc
and desorption efficiency upon dnably.•s. The main advant.1go wlti
this technique is the fact that the potential contaminants are

p evaluated continuously over a long time period. : .
S/The Threshold Limit Value for -acrolelin is 0.1 part per milllion b•

"volume..

Note: The principal chemists assigned to this case were DavidI 0. Bell and Robert E. Sacher, Ph.D. II I

Respectfully submitted, i 4
SKIf•x= & S11ERMA0 LABORATORXES, XMC.

ph1 ergar, P.E.

RB/ls, -

"""t I

J.'

1

• 2 .

No E

jNwEtln ioatd•.•"
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VERSAR Analytical Report
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VERSAR ANALYTICAL REPORT NO. 773.3

TO VSE Corporation ON May 20, 1982

TO THE ATTENTION OF Mr. Ralph Adolph, Manager, Testing Engineering

CONCERNING Interim Preliminary Report of Day 3 Testing for Inorganics

SUMMARY OF RESULTS:

Analysis of imuiner samples for cyanide, floruide, and chloride has been

completed for Day 3, May 18, 1982. Attached is the prel.minary data report.

No cyanide or chloride was detected. H ver, fluoride was detected in one

morning sanPle and all three afterrxi samples. Both field coitrol samples

were blank. The aftenmxm samples show the contmtration of fluoride in the

air intake sample (iF) is equivalent to the average of the heated air disdcarge

samples (2F and 3F). This suggests that the air in the vicinity of the test

area is being ooninated frao another source and does not reflect changns

&ie to the heater.

The fluoride levels detected are low (6-14 ng/l air). Permissible OSHA

• t exposure for an average work day is a time weighted average of 2 mg/mn or

2,000 ng/l air. The level established for Imminent Danger to Life and Health

MW(IH) for 30 minutes exposure is 13,000 ng/l air.

P E I
•ii

PROJECT SUPERV.ISOR -

•'../I
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773 BATM 3

Received May 19, 1982

LAB [at] [F-] [Ic-]
SAMPLENo. (.xj/ %.NO. ~ air' (A/ 2-air) (X'lair)

NaHI (:ntzol AP4 1511 <4.2 <4.2, <42.

lE 1512 <4.2 <4.2 <42.

2E 1513 <4.2 6.7 <42.

3E 1514 <4.2 <4.2 <42.

Na Control PM 1515 <4.2 <4.2 <42.

IF 1516 <4.2 10.6 <42.

2F 1517 <4.2 6.1 <42.

3F 1518 <4.2 14.2 <42.

Method Dececticn Limit 4.2 4.2 42.

~.,

.- A.

A.

o'

oA. ,

o U

'-K. *'-



APPENDIX C

Proposed test Plan
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VSE CORPORATION

FORMERLY VALUE ENGINEERING COMPANY

2550 HUNTINGTON AVENUE
ALEXANDRIA. VIRGINIA 22303

May 21, 1982
0300.032

Com•ander
U. S. Army Mobility Equipment Research

.and Development Command
DRDME-EPAT (F. Good)
Fort Belvoir, Virginia 22060

Subject: Contract DAAK70-81-D-0109, Task Order 032

Dear Sir:

In accordance with data -.:am A0OR of the subject task order please find attached
the proposed test plan which will be observed in determining the PATRIOT Air
Conditioner discharge air quality. Air conditioner operating conditions will
be recorded on, the attached sample data form.

If you have any questions, please feel free to call.

Very truly yours,

VSE CORPORATION

R:alph ýJ. do lph
Project Engineer

RJA/djm

Attachment

cc: DRDME-EME

r

B.M

ICAP:ITAL B•ELTWAY IEXIT 2S. ROuTr 241 SOUTH, TE[LIEGRAIH R•OAO•) (703) 960-,4600. TWE 710-83;2-11S55
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16 Ap il 1982 1
PATRIOT AIR CONDITIONER

I. Puose. To identify the possible source(s) of an apparent

health problem that has been blamed on the air conditioner and
to gather informacion that can lead to reasonable corrective

action. The objectives of the test should be:

a. Identify and quantify any substances given off b~y the
air conditioner that could cause human physical irritation.

b. Learn whether the quantities of irritants change with
time and in what way they change. U

c. Identify, if possible, the sources of the irritants.
I1. Procedure. U

a. -Select a new, unused unit from those presently n
storage at the Newington, VA warehouse. Unit Serial Number 801191 r

has been'selecued.

b. Turn the unit over to VSE who will conduct and supervise
"all testing. Mr. Ralph Adolph wili be in charge of the tests.

c. Perform a physical inspection of the air conditioner as
received, especially the interior of the evaporator compartment.
Note and,record condition of materials and components before test,1
with special attention to:

(1) Insulation
(2) Wiring near heater elements
(3) Heater elements
(4) Heater gromments
(5) Any debris evident in compartment
(6) All other items part4-cularly any non-metal:parts.

d. Perform an operational check to be sure that the unit will e,
run when tested.

e. Record all operation time. Keep a record of mode and
cc.'.iitions while operating. Operate as little as possible in the
heat mode before air sampling is begun.

7,



f. Instrument the air conditioner to measure,. as a minimum:

(1) Air temperature entering evaporator compartment.

(2) Air temperature leaving compartment. (Use
thermocouple grids for air temperature.)

(3) Insulation surface temperatures. (Measure about six

locations that receive radiant heat from heater elements.)

(4) Temperature of some heater gromments.

(5) Power consumption data: volts,, amps, watts.

g. Have air samples collected and analysed by a competent
chemical laboratory. During air sampling tests run air conditioner
in high heat modeý. Record concurrent data from f. above during
air sampling, at regualr intervals (perhaps 20 minutes periods).
Take air samples in a manner that will indicate how the rate of
contaminant production changes with time. (i.e. sample for "first
X minutes," sample for "next x minutes", etc.) Continue sampling
until rate stablizies or reduces to zero, but not longer than 40
operating hours.

h. The contaminants to look for should be any organic or
inorganid substances that may be irritants. We suspects, for
"openers":

(1) Chlorine based substances
(2) Fluorine based substances
(3) Acrolein
(4) Other aldehydes

,(5) HCN or other cyanogen based
(6) HCL
(7) Paint, adhesive components.
(8) Plastic, insulation, elastomer components.

i. Take concurrent background air samples of air entering air
conditioner to eliminate identifying things not coming from the
air conditioner.

j. Repeat the physical inspection of c. above at the end of the
testing or after any incident such as apparent component failure
that may occur during the test.

II1. Product of Test. Prepare a brief, info-.nal report describingc
the methods of teat, tabulating all results and giving whatever
factual iznformation is collected. Return air conditioner to storage
when testing is completed. :.

/-3
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1.0 SAMPLING AND ANALYSIS TEST PLAN

INTROCTION

Versar proposes the following sampling and analysis test plan to
evaluate the MERADCOM Patriot Air Conditioner. The test plan is designed

to identify and quantify using NIOsH methodology, inorganic and organic
substances given off during operation of the air cunditioner/teater.

This technical proposal contains the Sampling and Analysis Test Plan, a

brief description of the corporate facilities, and a summary of the
Standard Versar Quality Assurance/Quality Control Program.

1.1 Sapln

Air samples will be collected for performance of a general
GC/hS organic scan and of specific inorganic parameter analysis.
Sampling will be conducted over a ten (10) day period with samples being

collected on five non-consecutive sampling days. Sampling activities

will be conducted starting on April 28, 1982. Versar recommends that

results be reviewed on the afternoon of the 29th and if necessary revise
the sampling approach. The results of the April 28th samples may result

in a need to change the basic approach provided below.

Sampling methodology will use methods recotmended by the
National In-titute for Occupational Safeý. and Health (NIOSH). Two types

of sampling trains will be used. Air samples for the organic scan will

be collected for four (4) hours each run, with a run in the morning and

one in the afternoon using Tenax sorbent material. A sample will be

collected at the intake of the heating system and two replicate samples

at the outlet. Samples collected for specific inorganic parameters will

be collected using midget impingers. One series of sa.,,les will be

collected using 0.1 N NaOH solution for chloride, fluorida, and cyanide.

.. of disclovire of Oroc"QtarV data i WUltet to tho r~tt??ctfll on ttw tide 00" of this dI uefY I t



1-2

Samples collected for GC/XS analysis of the organic substances

will be collected on Tenax sample tubes. A total of three Tenax samples

plus one control, and three 0.1 N NO iimpinger solution will be

collected during each four hur run. Runs of &horter duration are not
r- A because they would result in lowr detectirA limits than

desired. Field controls will be collected to ensure procedures used for
samling do not Introduc o tamtinants into the sorbent which may

interfere with analytical detection limits. Air samles for the organic.

will be collected using a low-volume (0.2 liters per minute) pump and

Teuau sorbent tubes. minget "1les will be collected using a

higbh-,lm (1-4 liters per ainute) pump with the appropriate Impinger

solution in an individual midget impinger.

Strict quality control procedures will be follo•ed through all

phases of equipmnt preparation, sampling, and peeparation of samples
pto the laboratory foe analytical analysis. Ay safety

precautions, ncsary will be followed during preparation and samplng

activities.

"hrsar requests that a modification be performed to the

p existing outlet duct wrk. This modification, w feel will allow for a

more reresentative simple to be collected. We would like an additional

six foot extension to be placed onto the ducting on the outlet side. The

di•'mrsions of the new duct should be 5 1/2* x 300 x 6'. During sampling,

a temporary barrier should be placed betwen the heater unit and the

loading dock to protect the saapling azra from wind that may offset tew-

smplhing activities.

'..°
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1.2 Analyuis for Inorqaic and Organic Subtances

1.2.1 Inorganic Substances

The inorganic substances ill be determined from air salee

collected in impingec solutions. These saples will be analyzed foe the

inorganic subtances cynide, fluoride, and chlocide by NIOSH

methodology. The ethods are piblisbed in the IlIOH Manual of Analytical

Methods, volu I.

Foe cyanide in air, Method PACM 116, the smples ae collected

in impingers that contain 10 al of 0.1 M Na(X. he samples are analyzed
using an Orion cyanide ion specific electrode. The recmended range and
senitivit-y of t~he metod is 0.1,13 - 13 mg/A3 in air.

For hydrochloric acid determination, chloeide air saples are
collected following NZOSH Method P&CA 115. CQlocide omnds in air

are collected in midget itping•es containing acetat* buffer (pe 5.0).
FW the purpose of this study, the i•pinger solution will be 0.1 M ?NO,

The resulting solutions are analyzed using a Orion chloride ion secific
electrode. T range of the mthod is 0.1 to 1750 ag/h3 foe a

200-liter air s.mle.

For hydrogen fluoride in air, Method P1CM 117 secifies
collection of tho air s les in 1O al of 0.1 x SO . The airsample
impinq*r solution used for this analysis will be the s as that
collected foe cyanide. The iingrec solution is diluted with Tot•al Ionic

SStrength Adjustumnt Buffer (TLA) and the dilutd uaples are analyzed
using an Orion fluoride ion specific electrode. The analytical range of

3
the method is 0.05 to 475 mg/m

1.3 orlanic Substances, G/S AMalysis

The air samples collected on Tenax and charcoal will 1e

analyzed by GC/1 for organic substances. A general organic san will be
per formed.

, 0 4 W0'4-*W ! d'q0"4 1, .00I " M tf"U WP IVW Yýl 04 I I



Prior to analys s of saWles, the GC/MS will be calibrated to

XC-43 and the calibcation, checked by a direct injection of DEWP. The
smle tubes will then be analyzed by thermlly adsorbing the trapped
organics onto an SP 1000 91 chromatographic column with a flow of helium

carrier gas. 7he sample wril then be intr•v -ced into the mass
-ectIram or by tmeratu Ie prograi•ing the colum fro 45°C to 250 0C.

SPoe comparison ýUrsea, a u will also be collected on
charcoal during the first' day of sampling. he sample tube will be

'decwbed with an organic solvenant analyzed by GC/S using the se gas
chromtgraphic cditions as Abovw.

9.
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Minutes of Coordination Meeting
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DEPARTMENT OF THE ARMY
us U"MY MMIUTY EQUIPMENT RIESEARCH & DEVLOPMENT COMMAND

FORT IELVOIR. VIRGINIA 2

JUN 16 082
DRDNE-EPAT

SuLJET: PATRIOT Air Conditioner Testing for Toxic Gases

Project MW'ger
PATRIOT Missile System, DARCOM

ATMN: DRCPM-?4D-T-C (Mr. Huie)
Redstone Arsenal, AL 3S898

Attached (Incl 1) for your information are the minutes for the meeting held

aon 8 June 1982 to discuss subject item. The POC for the effort at MERADCON is

George Sams, AV 354-5871 or Co1. (703) 664-5871.

FOR THE COI44ANDER: n7

1 Incl WADDIC
as " A/Development Project Officer

PATRIOTr Support Proj ect Office

CF:
(Mr. Adolph, Mr. Caldwell, Mr. Sherfy)

. ~US AEHA (Mr. Valis, Mr. Esposito)
. MERADCUM Safety Ofc ("Mr. Longe)

"Skinner & Sherman (Mr. Dalzell, Mr. Berger)
PATRIOT Prog Ofc, Raytheon (Mr. Arsevault)
Raytheon, Bedford (Mr. "Granese)
"VER.SAR (Mr. Richards, Mr. Ronan, Mr. Powers)
MERADCOM (Mr. Waddick, Mr. Brantly, Mr., Larson, Mr. Sams, Mr. Good)

"~I |
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DUm(3-EPAT 11 June 1982 5
SUBJECT: Minutes, Coordinating Meeting on Testing of PATRIOT Air Conditioner,

VSE Corporation, 8 June 1982

1. Short Concise Synopsis of Meetina: The purpose of the meeting was to obtain

an agreement on a coordinated test plan, test instrumentation and analysis pro-

cedures for follow-on testing of PATRIOT Air Conditioners.

2. Personnel Present: See attached list.

3. Discussion: Outgassing tests conducted by Raytheon/SkInner and Sherman Labs

and MERADCOG (VSZ/VERSAR) on the PATRIOT 18,000 BTUH Air Conditioner and the Army -

Environmental Hygiene Agency (AEHA) on an Army Standard Horizontal 18,000 BTUE

Air Conditioner pLuviddd entirely different data as to the content of the gases

present in the air flow of the air conditioner. It should be noted that both of

the above air conditioners were manufactured by KEC. As a result of this wide

difference in test data, the PATRIOT Office requested MKRADCG( to take the lead in

coordinating and finalzing a plan of test as well as to initiate testing of new

production air conditioners.

Prior to the seeting, MERADCC forvarded to Raytheon and AERA a proposed draft test

plan.

MERADCt) (PATRIOT DPn) reviewed the purpose of the meeting to be assured that

QVe"one ws aware of the urgency of this test program and the necessity of arriving '

at an agreed upor test plan including test and analysis of data by one ccempny. This•

was later changed to have AEHA and Skinner and Sherman Labs do duplicate analysis for

greater creditability in the results.

There was considerable discussion of the effort performed by VSE/Vr.7NSAR on a pro- .

duction PATRIOT air conditioner, on the effort of AEHA on the standard air conditioner

the problems that Raytheon has experienced at their plant and the ensuing effort by iK

Skinner and Sherman. This discussion was considered essential to establishing a
D-2 U



DRDME-EPAT 11 June 1982

SUBJECT: Minutes, Coordinating Meeting on Testing of PATRIOT Air Conditioner,

VSE Corporation, 8 June 1982

coordinated test program. Since Raytheon/Skinner-Sherman found the large quantities

p of constituents in their tests, it was agreed that a test plan should be generated,

* around the verification cf the existence of those constituents in the air flow

from the air condicioner.

The following plan was drafted and agreed to:

CONSTITUENTS SAMPLING METHOD ANALYSIS

Acrolein Tenax (cooled) HR:C/MS

I Aromatics Tenax (cooled) HRGC/MS

Phalates-Universal (others) Charcoal HRGC!MS

Formaldehide Std-NIOSH-bisielf ides Standard

"" Hydrogen Cyomide Std-NIOSH-OLIN NAOE Standard

VERSAR agreed to draft the sampling plan, coordinate it with AERA and Raytheon/

Skinner-Sherman and have a final plan to MERADCO14 by 11 June 1982. The sampling

plan will include the testing of four new production air conditioners for a

period of three hours. During those three hours of operation, there will be three

one-hour samples taken. The plan will indicate that VERSAR will perform analysis

on 100% of samples, Raytheon/Skinner-Sherman on 25% of samples and AEHA on 25% of

samples. •.

The test will begin on or about 28 June 1982 and be completed by 16 July 1982. The

draft :est report is due out IV 23 July 1982.

4. Ccnclusions: The coordination meeting is considered a success for the following

reasors:

a. A test plan was formulated and ageed to by MERADCOM, Raytheon and AEHA

fot the purpost of determining the exiatance of certain constituents in the air

flow !Iom the PATRIOT air conditioner.

2



DRDME-EPAT 11 June 1982

SUBJECT: Minutes, Coordinating Meeting on Testing of PATRIOT Air Conditioner,

VSE Corporation, 8 June 1982

b. A working relationship was established between the government, Raytheon

and the commercial laboratories in an attempt to resolve this potential problem.

c. The test program is a very ambitious one and every effort will be made to

complete it at the earliest date.

5. Action: The following actions were agreed to:

a. VERSAR will draft the sampling plan and coordinate it with AEHA and

Raytheon/Skin er-Sherman on 9 June 1982. The final coordinated plan will be

forwarded to MERADCOM by U June 1982.

b. Tests will begin on/about 28 June 1982 at VSE Corporation on four units

as outlined in the above plan, including the sampling plan. However, this date

is dependent on awarding a new Task Order to-VSE to cover the effort on that date.

1 Incl.
as

.q.I

p.'
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LIST OF ATT'ENDEES8Jue12

COORDINATION MEETIN ON TESTING OF

PATRIOT AIR CONDITIONER

NAME ORGANIZATION PHONE NO.

Ralph Adolph VSE 703-960-4600

Robert Valis US AEHA 301-671-2208I
George Esposito US AEHA 301-671-2208

Bryan Longe MERADCOW Safety, 703-664-2681

Robert McKechnie MERADCCI( PATRIOT Office 703-664-5871

N

Hal Daizeli. Skinner & Sherman 617-890-7200

Ernest Arsevault PATRIOT Prog Of c, Raytheon 617-475-5000

Ralph Berger Skinner & Sherman 617-890-7200

George Sams MERADCCH' PATRIOYT Office 703-664-5871

Andy Granese RAytheon - Bedford 617-274-7100

John Richards Versar Inc 703-750-3000

Richard Ronan Versa: Inc 703-750-3000

Scott Powers Versa= Inc- 703-750-3000

Robert Caldwell VS8, Program Manager 703-960-4600

Robert SAorfh VSE 703-960-4600
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U, f, AM MOBILITY ZQ•1IPM%?T RZS•CRH A DZ•VOFXDIT COk4AZB

OR0 BZLVOIR, VIRGINIA 22060

DID-EPAT JUN 18 1882

SUBJECT: Test Plan £fo Pollow-On OutgassIng Tests on PATRIOT Air Conditioner.

ProJect Wbagwt
PATRIOT Missile Syst, DAXO04
ATMN: DRCPX4)D-T-C (Mz. Huje)
Redstone Arsenal, AL 35898

1. Reference is wade to the Coordination Y4eting held on 8 June 1982 between
representatives of WERADCOM, Raytheon, Army Eiromme-tal Hygiene Agency (AEHA),
V3E, VBI;RW, and Skinner A Sherman to finalize the subject test plan.

2. Inclosed is a copy of the test plan that bas been concurred by the three
laboratories (AMA, Skinner 4 Sherman, and VERSAA) who will be Involved in the
effort

3. Plans are to initiate the prelininary validation study by VSE/VERSAR dwurng
the week of 21 Johie 1982 and the testing of the four (4) PATRIOT Air Conditioners
beginnn•g 28 June 1982. The final draft report is due KLT 28 July 1982.

FOR THE CONKNZIL

1 lncl OBET 34. XCIMC:E M'
a Develoment Project Officer

PATRIOT Support Project Office

Cv:
Army Environmental Hygiene Agency
Raytheon Company
DAXCOM, DRESG- (LTC Vorpahl)
COWTV7, USAADS, ATTN: ATSA-TS14-P, Pt. Bliss, TX 79916
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PATRIOT AIR CONDITIONER .

I. Purpose.. To identify the possible source(s) of an apparent hedl.th problem
that has been blamed on the air conditioner and to gather information that can
lead to reascnable corrective action. .he. objectives of the test should be:

a. Identify and quantify any substancds given off by the air conditioner.thll
could cause human physical irritation.

b. Learn whether the quantities of irritants change with time and in what wap

they change. . . . '.

c. Identify, if possible, the sources of the Irritants.

Il. Procedure.

a. 'Select now, unused production units from those' presently in storage
Newington, VA warehouse. * .

b. Turn the units over to VSE who will' conduct and supervise all testing.:

c. Perform a physical inspection of each air conditioner as received, espec.
the interior of the evaporator compartment. Note and record r.ondition ol uatdri
and components before tests, with special attention to:

(1) Insulation
(2) Wiring near heater elements
M.• Heater elements
(4' Heater gromment.5 V,

j I I
(S) Any debris evident in compartment
(6) All other items particularly any non-metal parts.

d., Perform an operational check to be sure that' each unit will run when tes473.

e. Record all operation time. Keep a record of mode and conditions while
operating. Operate as little as possible in the heat mode before air samilin,. .
is begu&.

f. Instrument the air conditioners to measure, as a minimum:

(1) Air temperature entering evaporator compartment.

(2) Air temperature leaving compartment. (Use thermocouple grids for air
temperature).

Inclosure 1. ¼ ,
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.Kve radiant heat fro 6 hbter elementsdt

(4) Temperature of some heater g:omments. "'

(5) Power consumption data: volts, amps, watt..

"g. Each air conditioner shall be pdovided with a discharge duct to direct
conditioned air away from the units return air intake. To simulate the effect of

ductwork on the air conditioner the return air intake shall be partially blocked
to pr6duce a negative pressure in the heater 'compartment. Similarly the discharze F
duct shall be partially blocked to produce positive discharge pressure. Combined •'•.

negative and positive pressures shall not exceed O.S" water gage. " Ci.e.. minus
0.3" wg and positive 0.2" wg). The outside air intake shall be used, with filter,
during the test operation.

h. Have air samples collected and analyzed by VERSAR as 'outlined In •.their
Addendum, "Analytical Method References" dated 28 May 1982. During air sampling
tests run air conditioner in high heat mode. Record concurrent data from f. above
during air sampling, at regular intervals (perhaps 20 minut periods). Take air
samples in a manner that will indicate how the rate of contaminant production chA't1Z

with time. - Ci.e., sample for "first X minutes", sample for'2hext X minutes", etc).
Continue sampling until rate stabilizies or reduces to zero, buz not longer thar,
40 operating hours.

i. The contaminants to look for should be any organic or inorganic substances '

that my be irritants. Possible contaminants are:

(1) Chlorine based substances
(2) Fluorine based substances
(3) Acrolein
(4) Other aldehydes I
(5) HCN or other cyanogen based I
C6) HCL
C7) Paint, adhesive components .
C8) Plastic, insulation, elastomer components

j. Take concurrent backgTound air samples of air entering air conditioner zo
eleminate idlentifying substances not coming from the air conditioner.

k. Repeat the physical inspection of c. above at the end of the teýting or
after any incident such as apparent component failure that may occur during •he
test.

III. Product of Test. Prepare a report dezcribing the methods of test, tabulati:..;
all results and giving whatever factual informatior is collected including an
analysis of 'the data. The analysis should include a table that depicts measured 41

values vs acceptable tolerance levels. Return air conditioner to storage when
testing is completed.

6-3,
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Page 2 of 6
Task Order No. 0039
DAAZ70-41-D-0109

SA W OF0 WORX AND SEMCES

The Contractor shall provide engineering evaluation, documentationu, and,
testitng services inu support of the PA=0•T Program. SpeciLfically, the

Contractor shall test and evaluate fou PATRIOT Air Conditioners for
irritant emissions with the purpose of identifying, if possible, the
source(s) of an apparent health problem that may be caused by these
air conditioners. This york is to be performed in accordance with the
requirements of Section C., paragraph C.1 and-.L. of the basic contract.
The Contractor shall also identify, quantify,.and document any substance
given off by the air conditioner that could cause physical Irritation and
identify sources of the irritant&, In accordance with 1.1 end B.6 of .the
contract*

40 A copy of MERADC, m Test Plan is inclosed for revision and testing purposese.

Deliverables: Data, CfLI 0002, in accordance with Exhibit A, DD 1423,
Sequence Items A003, A00H and A00K, apply.

Mr. John Waddick, 664-5871, is the Contracting Officer's Rapresentative

for this Task Order.

The Completion Date is: 30 July 1982.
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•" APPENDIX F

Extract from VERSAR Report "Results of Saapling and Analysis Conducted oni Four
PATRIOT Heater/Air Conditioners at the VSE Corporation Facility: Alexandrlra*
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2.0 SMLD
S2.1 Introduction

Wrsar was contracted by VSE Corporation to sample the exhaust
air of four MEPA~4 FTRI= Hater/Air conditioners for selected

inrganic and organic comods as described in the Test Plan dated June
.,11, 1982 (see Appen I). The intake air of each unit was sampied to

determine basline ambient codiitions. The sampling of the PMAIOT units
was condcted at VSE's facility in Alexandria, Virginia on Junw 30 and
July 2,, 1982. Ith project vAs performed with each Heater/Air conditioner
oprating ontin ously during sampling in the high heat mode, in an
attempt to verify the existea of potentially hazardous compunds
generated in the unit. Sampling te•hiques were used which would allow
the detection of the target parameters acrolein, aromatics (less then 120
mol-cular weignt), a broad range of organic cWzUrnds, formaldehyde and

hydrogen cyanide.

2.2 Facility Description

As ec of the tour MEfRAD PAkM Heater/Air conditioners
was to be tested, it was positioned on a table near an overhead bay door
in the shop area. Intake and exhaust ducts were then connected to the
unit. The ten-inch diameter intake duct terminated at a point along the

."*' exterior wall of the building approximately three feet from the edge of
"the overhead bay door frame. Thus, intake air originated from an area
away from the unit's exhaust.

The rectangular exhaust duct extended approximately two feet

fran the face of the unit. The duct was partially closed at the end,
leaving a 2.5 incn x 29.5 inch opening, to create a static pressure of
approximately 0.4 inches of water inside the neater to simulate actual
operation in a field application. Venicular traffic was restricted in

tne immediate area of t.e intake during testing.

The ductwork descriced acove was used for each of the tour

units. As tne tests fcr earn uLit were comzpleted, that unit was removec

amn replaced wit. the next unit. Zhe auctwor( was then connected to 'ne

new uniz.
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2.3 Summary of Monitoring Cieration

1csting of the PAM= units ws cnducted by W&.sar personnel

on two nn-secutive days. To units were tested each day on June 30

and July 2, 1982. Three one-hau tests wore condcted On each unit. Te

total number of samples collected is summarized in Table 3. During

Wrsar's sampling activities, VS Corporation personnel recorded ambient,

unit intake, and unit exhaust tmperatures at 15-dmite intervals as WOU

as voltaage, wattage, o hours meter reordngs, and static pressure

created by unit operation.

2.4 Sample Col.lection Rzuipment and Methods

The following list represents the equipment used to collect the

first-i.our set of samples from each of the four units: A
9 Tenax tubes (3 tu, es re field blanks)
9 Charcoa..l tu es (3 tubes were field blanks)
2 Midget impingers, standard
8 Midget impingers, fritted
6 Liquid traps
6 Bendix pump
2 Electric vacuum pmps
2 Six-t1e manifolds
10 Sample bottles
I Liter 0.1 M sodium hydroxide (NaCH) stock solution
1 Liter 1% sodium bisuflite (NaHSO 3 ) Stock solution
Ice packs
?Lgon tubing

Before collecting samples, impingers were cleaned according to

the following pcocedure:

a) gash with mild detergent
b) Rinse with water -
c) Rinse with 1:1 nitric acid
d) Rinse six times with deionized water
e) ShaKe out excess water.

. p.
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sNmIA •W L satrn CaXLu FR PAMXOT MCA=/
AIR C3MD17£• PM UNIT AM PM MX Ma7S

Blanks Recovery LUit 4 unit
Wdaust Intake Field Lab Spike Suwmary Summary

HMM 1

Saco:ery Spike - - - - 3* 3 3*
.Tnax 3i 3** 3** - 12 48
Charcoal Tbes 3"* 3*" 3" 3** - 12 48
0.1m NOM 1 1 1 - - 3 12
It SNHSO3 2+ 2+ 2+ - - 6 24

"Hour2

T ax Tubes 3*" 3"* .. . . 6 24
Charcoal Tubes 3*" 3"* .. . . 6 24
0.1M I 1 1 2 8
1% LISO3  2+ 1 - .. 3 12

Hour 3

Tenax Tubes 3"" 3*" 1 1 - 8 32
Charcoal Mes 3** 3** 1 1 -- 8 32
0. IM NaC i i .. .. .. 2 8
1% NaL4O3 2+ 1 .... 3 12

74 287

o A recovery spike on Tenax was prepared by Versar and submitted to
U.S. AEHA and Raytheon/Skinner & Sherman as well as Versar for
analytical analysis during the first unit's operation.
C a uplicate Tenax and charcoal samples, wnd olanks were collected arzi
submitted to U.S. AEHA and Raytheon/Skinner & Sherman for analysis.

"+ ÷ uplicate 1% NaHS0O (sodium bisulfite) impinger samp~les and field
blanks were collected and subtlitted to Raytheon/Skinner & Sherman
for analysis of acrolein using NIOSH P&CPAM 211 methoidrlogy.
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" In the field, the impinges were cWauned between sampling sets by first

rinsing with deionized water and then rinsing with the particular

impinger slto ob sdi h migr

The sampling lines for the imLinger traps and the glass sorbent

trap tubes were inserted directly into the ducts at the points indicated

in Figure 1. The intake locations were on the cowl that joined the round

intake duct to the face of the air conditioner, approximately 18 inches

in front of the face of the unit. The exhaust locations were N
approximately 15 inches from the face of the exhaust side of the unit.

2.4.1 Day One - June 30

On Day One, JUne 30, two PATRIOT Heater/Air conditioner units were

tested. These units were designated as unit A (serial #801193) and unit
B (serial #801198). Each unit was subjected to three I-hour tests and

operated continuously in the high heat mode during testing.

During the first hour, samples were collected at the points
indicated as 1 - 18 in Figure 1. The samples collected at points 1, 9, t%:

17, and 18 were to be analyzed for acrolein and formaldehyde. These

samples were collected by drawing air through 1% NaHO 3  impinger

solution. Each sampling train consisted of two fritted midget impingers

connected in series, each containing 15 ml of impinger solution. Bendix

high-flow pumps were used tc draw air through the sampling train at a

rate of 333 ml/min from points 9, 17, and 18 and 317 ,l/min fron point

1. A liquid trap was installed between the impingers and each pump to

prevent impinger solution from acc*Jently being drawn into the pump.

c the collection of eacn impinger .suple for acrolein and

formaldehyde, one end of a flexible Tygon tuoe was placed at the desired
sampling location and the other end connected to the sampling train. The

pump was tnen started and allowe, to run for one hour. Afterward, tre
solution from the two impingers was canbined and poured into a laceled

sample cottle and placed into a portable cooler at 40 C.

F-_ q
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SAMPLING POINTS

11 NaESO3  1, 17 & 9, 18

0.1 M NaOH 2 &10

Tenax Traps 3, 4, 5 & 11, 12, 13

Charcoal Traps 6, 7, 8 & 14, 15, 16

0 0 0 0 a,
1 2 6 3 7 4 8 5 17

EXHAUST

14 ii 15 12 16 13
90 18

9 '

INTAKE

FIGURE 1 LOCAI=• OF SAMPLING POI=I'S -1

t.1

SI.
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Te saaples collected at points 2 and 10 were to be analyzed

fo hydrogen cyanide. These sampl s were collected by drawing air

through a 0.1 M WE izqpinger solution. Eac sa"~± ttai~n consisted of
one standard midget impinger, containing 15 ml oi impinger solution,
followed by a liquid trap. Bendix high-flow pumps were used to draw air

through the sampling trains at a rate of 1,000 ml/minl

For the collection of eac hydrogen cyanide sample, one ene of

a flexible 2ygon tube was placed at the desired sampling location and theI
other end connected to the sampling train. The pump rwas then started and
allowed to run for one hour. Afterward, the impinget solution was poured

into a labeled sample bottle and placed in a portable! cooler at 4C.

Thesam es colected at points•3, 4, 5, ., 12, and 13 were to
be analyzed for acrolein. These samples were collected by drawing air
througn traps made of 18 ca x 6 mm OD glass tubes 'packed with 6 cm of

1%nax GC. Before sampling, the traps were pre-coitioned for 12 hours
at 2506C with a helium flow rate of 5 ml/min. A manifold was constructed
which allowed one pump to draw air through all six of the Tenax traps.

The pump was adjusted to pull 100 ml/ain of air through each of the tubes.

Holes were drilled in the duct walls to allow the traps to be

inserted directly into the duct at the appropriate points. Styrofoam

holders were constructed to secure the traFs in a vertical position. I,.
Each holder also acixmodated three ice packs which were used to cool the
traps to a temperature of 500 - 600F. Fbr sample collection, the tunes
were cotnected co the mw.ifold and inserted, betweený the ice packs, into &

the duct (three at I'e intake, three at the exnaust). Flexible Tygon

tuning was used t.. connect the manifold to the vacuum pump. The pump was
started and allowed to run for one hour. Lnmediately afterward, the
tubes were removed from the manifold, capped, and labeled.

The samples collected at points 6, 7, 8, 14, 15, and 16 were to
oe analyzed for aromatics and general organic compounds. These samples

were collected by drawing air through two-section charcoal tunes ( 400 mgr

.. I
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front section; 200 mg break-through section) pLurchased from SKC Inc.
(catalogu number 226-09). Sample collection procedures for tne charcoal

traps were identical to those described for the Tenax traps.

In addition to samples 1 - 18, the first-hour sample set

contained the following f".eld blanks:

3 Tenax traps
3 Charcoal traps
1 0.1 M N impinger solution
2 11 M"O 3 impinger solution

The 'Inax and charcoal blanks were prepared by opening the ends of the
tubes inserting into the manifold, and then resealing them with
appropriate caps. The Mal and NaHS03 impinger solution blanks were
prepared by pouring 15 ml of the appropriate solution intu a clean

impinger and then into a labeled sample bottle and placed in a cooler a
40C for transportation to the analytical laos.

During the second hour of testing, samples were collected from
points 1 - 17. Te collection procedures for each of these samples were
identical to those of the first hour. As scheduled in the Test Plan, no

field blanks were prepared during the second hour.

During the third hour of testing, samples were again collected

from I - 17 in the same manner as described for the first hour. Also,

the following field blanks were prepared:

1 Tenax trap
I Charcoal trap

These blanks were prepared according to the same procedures as those

described for the first-nour blanxs. 3

2.4.2 Day Two - July 2

SOn the second day of sampling, two additional PATRIOT

heater/air conditioners were tested. These units were desianated as unit 5
C (serial #801188) and unit D (serial #801185). Eacn unit was suojeczed

F-7m



to three one-hý7ur tests, which were similar to those described in Section

2.4.1 exzept tor the following changes:

1. Ice packs were used to cool the 1% NaHSO3  impingers
(sampling points 1, 9, 17, and 18). Also, the air flow rate
through tnese impingers was increased to 1000 ml/ain.
Finally, after each sampling run, the solutions from the two
in-line impingers were poured into two separate sample
bottles.

2. The volume of solution in the 0.1 M NaCH impingers (sampling
points 2 and 10) was decreased from 15 to 10 ml. Also, the
air flow rate through these impingers was increased to 1235
ml/min from 1000 mlAnin.

Field blanks were prepared according to the same schedule and procedures

as described for the day one tests, except that the 0.1 M NaCH blanks

were reduced in volume to 10 al.

2.5 Sample Handling

Immediately after each one-hour sampling run, all samples were
appropriately r'aled and placed, with ice packs, in coolers. They were
maintained in this refrigerated condition until returned to the

laboratory. There, the appropriate samples were either turned over to .

Wrsar's laboratory or prepared for shipment to Skinner & Sherman and
U.S. AERA. The latter were packed in ice (blue ice) and shipped via

Federal Express and delivered the next day. A completed chain-of-custooy

record (see Appendix III) accompanied the samples for each laboratory.
The chain-of-custody records also contained sampling duration and sampled v
volume data.

2.6 Air Voluvne Data Calculations

The volume of air sampled at each point, as reported on the

chain-of-custody record, was determined from the known sampling duration

and the calibrated flow rates of the sampling pumps. This volume was .

calculated as:

,.'
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Sampled lume - Sampling Duration (time) x Flow Rate volumetime

Prior to earn sampling day, tiie pzips were calibrated with the

appxopriate sampling train in place. A soap-film bubbl flowmeter was

used for tnese calibrations and the pump flow rates were assumed to be

constant throughout the sampling period.

"1,
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3.0 ANUMIS

The following sections will describe the method summary foe the

target parameters and analtical methodologies for all samples analyzed.

A discussion of the analytical results for the tests cnducted on the
four PATRIrT Heater/Air Conditioner units is provided and coticlusions of

the results discussed.

3.1 method Summary EFr Target Parameters

TIarget parameters were determined as described in the Test Plan
dated June 1i, 1982. The following section will provide a summary of the
methods used for analytical analysis.

3.1.1 Acrolein

Air samples for acrolein were collected on Tenax traps,
criarcoal traps and in a 1% sodium bisulfite impinger solution. Tleiax was j
conditioned for 12 hours at 2500C with a flow of 5 ml/min 99.999%

Matneson grade nelium, then capped until sampling activities were
conducted. Sampling was conducted by drawing 100 mlAtn,.ice of air
tnrough a Tenax trap cooled to 500 - 600F. After sampling, the traps

were cooled to 4°C until tney were analyzed. Analyses and qu;ntification

were performed by HRGC/MS and GO/14. Mhe charcoal was activated by SKC

Inc. prior to sealing botn ends of tne tube. Sample air was drawn

through the cnarcoal trap cooled to 500 - 600F at a rate of 100 ml/min.
Upon completion of sampling, tne charcoal tubes were sealed with
polyetnylene caps and cooled to 4*C until extraction procedures were

performed using carbon disulfide. Analysis was performed .qy GCC/FID.
Identification and quantification of specific mass peaks was performed on

GCiMS. The 1% sodium bisulfite impinger solution is described below in

Section 3.1.3

3.1.2 Aromatics and General Organics

General organic samples were collected on NIOSH charcoal tuces

purcnasea from SKC Inc. and lenax tubes prepared by Versar. The sampling

metnod was equivalenc to tnat discussed for acrolein in Section 3.1.1

a0ove. F-/I' ",
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3.1.3 Fo~rmaldehyde

Samples for fotmaldenyde and acrolein were collected usg the
NIOSH methoas Pt&CM 125 and 211. 2e sampling train consisted of tw

fritted-aidget impingers with 15 al of 1% sodium bisulfite (NaHSO3 )

solution in each. The impingers were conzeted in series, cooled to 46C,

aid air ,awm through the solution at a rate slightly greater thAn one
liter per minute using a nigh-volume personnel sampler. L•pon corpletion
of sam1. collection, samples were stored overnight at 44C in a cooler
and analyzed tne! next day. Saai'es were prepared according to the NICSH

analytical metnod, analyzed using a spectrapototeter and ebshorbarce was
compared against prepared standard curves to determine sample

oc.etrations. The detection limit of the method is one part per
"million.

3.1.4 Cyanide

Cyanide as hydroen cyanide was collected using NIOHi method
PSCM 116. This method required the use of a single standard midget

nim~inger attached to a high-volume personnel sampler. Air was drawn
Stnrougn 10 - 15 ml of 0.1 M sodium hytqroxide (Na08) solution at a rate of

one liter per 1 minute for 60 minutes. Upon completion of sample
collection, samples were stored overnignt at 46C in a cooler and analyzed

"the next day. Analysis was performed using a specific electrcde method

whxcn rus a detection limit of approximately 0.02 Fpm.

3.2 Tenax and Charcoal Trapped Organics

"The primary oojective of the use of soroent traps (Ten&x arz
A charcoal) was to collect samples of acrolein and tne other organics as

observed in tne analysis conducted by Skinner & Sherman. It was

determined oy the consensus team listed in Table I that tne best

compromise among all possible trapping choices were Tenax and char=coal.

The Tenax was oelLeved to ce t.,e oest cnoice and the cnarcoal was acded
to extend organic sorbtivity and also to provide an extract for

'F P
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sLuequent confirmatory analysis. The discharged air of the PA.IrO
Heater/Air conditioner system in the high neat mode approaches 1250F.

This temperature is oeyand the useful temperature range of botn Tenax and
charcoal and it was decided to cool tne tubes during sample collection.

"f.
3.2.1 Preliminary Study

A pceliminary study was, perfo d on spiked T~nax to determine
recovery of acrolein, benzene and toluene. In addition, thermal

measurenmnts were made during this test to determine tne extent to which
the sorbent could be cooled in the 1250F discharge air. This study was

done on June 25, 1982. Six Tenax tum.s were spiked with acrolein (420
.. ng) benzene (440 ng) and toluene (435 Ng). Three tubes were mounted in

tne exhaust and tnree tubes mounted in the intake of the PARIPJOrT

""eater/Air conditioner and the system was operated for one hour in the

high heat mode. Commercial ice packs were placed in contact with

approximately one-inch of each sorption tube. The resultant final

temperature was 80* - 907F. The test was completed in this mode. Review

of the temperature results caused the Versar staff to believe that
i increased cold contact of each tube would be advantageous so the spike

recovery test was redone on July 1, 1982 exposing approximately 501 of
the sorbent within the tubes to the cold packs. The resultant

temperature inside the sorbent tubes was 500 - 60pF.

The results of these two preliminary studies is presented in

tne following subsections.

3.2.2 Tenax Method Surmmary

SThe GC/MS Tenax me thod used was developed from EPA

netnodlogies adaptec to te evaluation of acrolein, aronatics and otner

4 potential solvent contaminants in tine discwnarge of the tested Heatirg/Air

conditioning ;nits testea. The tnree metnocs used as guiaelines wre EPA
.e tnod 602, Purgeaole Aromatics; EPA metinod 603, Acrolein and

""crylonitriie; and EPA .:Itnod 624, Purgeacles, ouolisned in =-e Fecerai

C"F- 2-
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Register, Vol 44, No. 233, Mmiday, IDcember 3, 1979 entitled .Guidelines

Establishing Test Procedures for the Analysis of Pollutants, Proposed

Regulations". These methods provided the guidelines for gas

chromatographic and mass spectrmetric condition selection. The

conditiors used for the analysis are listed in Table 4. Some minor

changes of the method proposed by the consensus team were required, as

tae proposed capillary column could not be adapted to the analysis

without major changes in instrumentation. An EPA-approved column was.4

"substituted for the purpose of this analysis

The Tenax method for acrolein and aromatics consists of
removing the end caps (Swagelok with teflon ferrules) of the sample Tenax
trap, and spiking an internal standard onto the adsorbent material.. .The

• sample Tenax trap is then connected to the desorb unit. The GC coluanl

carrier gas is diverted through the trap while it is flash heated to

1700C for 5 minutes. The effluent of the trap is injected onto the nead

of a 6 foot x 2m ID glass Chromosorb 101 GC column with a carrier flow
rate of Helium at 30 ml/nin. Following desorption into tne column, tne

GC column is temperature pcogramm4 to 2400C at 12"C/min and tte

materials are cnromatograpnically separated and introduced into tne mass
spectrometer via the glass jet separator interface.

The retention times for acrolein, benzene and toluene were 13
"rmin, 18.3 min and 21.6 min, respr-ctively. These retention times allowed

baseline separation of tne three materials and sufficient resolution for

the required sensitivity. Detection limits were in the order of 0.01

mg/lm3 for acrolein, benzene and toluene, as well as the other solvent

materials listed in Table 5. These detection IL-nits are defined only as

tthe sensitivity of tne GC/MS to tne materials spiked onto the Tenax traps

and recovered througn analysis. No detection limits are available or can

be derived for the total methocd.

FcJ
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*TRME 4

GAS C4iA20XAPHIC COMITIOW

Desorbtion Sample Injection: 5 minutes at 170*C

Carrier Gas: Heliun (99.999%)

Carrier Gas Flow Rate: 30 m'/minute

Initial COlumn ra~ping Temperature: 904 for 4 minutes

Clumn C.nfiguration: 6' x 2rzm ID glass Chromsorb

101 (80/100 mesh)

Solvent/Air/Divert: 6 miivites

SColumn Tem1-rature Ramp Rate: 12*C/minute
finai Column Tempzerature: 24CC for 30 minutes

MASS S CON•WI

Mass Scan Rate: 2 sec/scan

Mass Scan Range: 20 - 505 aiu

Calibration: rC-43/BEB

Vacuum Conditions: 2 x 10"7 tccr

S4 Voltage: 2200V

Ionizer .vxe: Electron impact positive ion

Minimum Peak Width: 3 scans

Minimum PeaK Area: i00

Baseline: 0

A/D Thresnoid: .

Minimunm Fragment Width %: 81
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WLATflZ ORGUSECTM BY MEAPWVED EPA

WM AVERAG (7*1) AND OMZ~ AMDLNWS

V.Lat.1. ct~aniCS TL-T2 0 . (an) aix

Qhloomeham 100 <0: 01

VLIny OI.oride 1.0 <0. 01
Qh.orowthme 1000 <0.01

* ?thyldm Ch.loride 500 <0,01

'fridi~orafluccc~thane 1000 <0. 01
Acrylomitrile 2.0 <0. 01
1, 1-DidiLoxcethylwe - <0.01
1. 1-Oiddlacethane 100 <0. 01
Trane-1, 2-ih ratWs 200 <0.01
02loro~foz 10 <0. 01

1,2D5hcothms <0.01

1.,1, -1,3chlcrcmthan 35 <0.01
Cato Terclrd 100 <0. 01

1.2-07 <0. 01

Tras-1, 3-Mchloropropen - <0. 01
Trd~etye 10 <0. 01
Benzen 10. <0. 01
1111hTrai1cothy1,Oý 100 <0. 01

Di1.2,2-Thtzadrcmethane 5. <0. 01

Toluen 200 <0. 01
Cilo~brz~An 75 <0. 01
Ey1~rYL):r~e 100 <0.01.
2-0-oroet!-y! virrfl ether - <0. 01

1 79h - 'ime Weighted Average.
(Level in c~at which worker can be exposee for 8 hours withcut damace to

2 health~, as determined by CS-rA.)
2 NIj/CSTA Pocket Giida to Caeical ýhzArds, Sept. 1978, Reprinted ~Auqust

.960.



I

WutrXWL 19

O.ality contro1 for te method consisted of daily cnecking of

the GC/M calibration by directly injecting the calibration copoun.d L.OS,

3-point standard response factor caliocation, numerous lacoratory blanks,
field blanis, spiked sample traps, preliminary method evaluation studies

and internal standards monitoring.

4 Prior to analysis of samples, each day the mass spectrometer

calibration was verified ay a direct injection of brazoflurobenzene (BMe)
and the ion criteria in Tahble 6 re verified. A standard mixture of

acrolein, benzene, and toluene prepared in methanol was injected onto a

blank T*nax trap and analyzed in the sane manner as a sample. Fran the*

peak height response of the mass peaks (27 m/z for acrolein, 78 m/z for

benzene, and 92 m/z for toluene) external standard response factors were
calculated for each day's analysis.

Between samples it was found necessary to frequently run

laboratory blanxs to verify that no laboratory contamination was

occurring. This was extremely important due to the high amount of water
*xrnsed onto eacn trap. This moisture was introduced into the system

upon injection of samples and extensive baking of the lines was required
between sample analysis to prevent carry over between samples, as well as
degradation of analytical conditions. It was oaerved that the effect of

water was decreased resolution of GC peaks, shifting retention tiies, and

decreased sensitivity. These problems were prevented through the

extensive trap bake out and lanoratory blank analysis between samples.

No laboratory contaminants were otserved.

Field Thnax trap blanks were taken into the field and treated
as sample traps. These traps were prepared in the same manner, handled

in the field oy the same prcocedures (except that no air was drawn ttroucn

tnem), and analyzed by the same methods as samples. Field olanks coupled

with laoratory oLanKs provide information necessary to determine sources

of contamination. For tnis study it was determined that there were two

potential sources of contamination. Field blanks revealed tnat methylene

m ,, m ! !m |
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8ZYK 6

GC/m -MN STN)# IEXTUIOGN
kBcmflruo I'I I I (BFS) 20 nj

Method 624

;2 m/e Ion Abundance Criteria

p.,
K 50 15-40% of mass 95

75 30-60% c- mass 95
95 base peak, 100% relative aburdarx

96 5-9% relative abnance

173 less than 1% of mass 95

174 greater than 50% of mass 95

175 5-9% of mass 174

176 greater than 50% of mass 95

177 5-9% of mass 176

I.

gJ
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Verwmr

chloride, acetone and nexane contamination was introduced to the Tenax
tubes in cold storage as the seals became loose when refrigerated. This
problem has been solved by increased tightening of the Swagelok fittings
and storage of the samples in an isolated environment. Rartner
contamination has been identified as ambient levels of benzene, toluene

and trichloroethene found in intake and discharge samples from the VSE
testing facility as they were not found in field or laboratory blanks.

Prior to collection of the actual test samples, two preliminary
method studies were implemented to test the sampling and analytical
method. The first test consisted of spiking Tenax traps with known
amounts of acrolein, benzene, and toluene and collecting samples of air
from tne Vl unit heater (tne second test was condui.Ad on the VB unit

heater). These traps were then analyzed to determine whether the
acrolein, benzene, and toluene were recovered after collection of
samples. The results of the method study are listed in Table 7.

kcrolein was not recovered in either method study. Benzene and
toluene were recovered in botn studies. The following information was
obtained from the method studies. Acrolein may not be trapped oy Tenax
under the condition of sampling. The spiking level was too low for all

materials and a ten-to one hundred-fold increase in the spike level is

required to provide meaningful data. Acrolein was spiked at close to the
actual method detection limit level. The benzene and toluene

concentrations on the spike were also too low, since ambient

concentrations of benzene and toluene were possibly present during .
testing, as revealed by testing of tne other units. Fran these initial

tests the appropriate spiking levels for a comprenensive method detection

limit determination can oe establisned, snOuld it become necessary to

fuL.tner develop and validate the metnod.

Spikea 1Tnax sample traps (recovery spikes) were taken into the

field. The purpose of the spixed recovery traps was to verify that tne

materials acrolein, oenzene ana toluene would not oe lost during handling

and storage of the traps. All materials were quantitatively recovered as

follows. Acrolein, 86%; benzene, 100%; toliene, 123%.
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PRFIMINg" ME•TBD STUDY RESLT

P

METID STUDY #1

Spike Intake I Discharge %
level Reoer ecovery

Acrolein 420ng 0 0

Benzene 440rg 33 11

Toluene 435ng 110 66
p.

S METHO STUDY #2

Acrolein 420ng 0 0

Benzene 440ng 56 27

Thluene 435ng 69 32

,-.

-J
4.

,~I
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Additionally, each sample trap was spiked with a surrogate

deuterated compound, benzene d6 as an internal standard to -monitor

analytical recoveLy. The mean recovery of the spike for samples was 102%

with a standard deviation of 1-.5.

As was noted earlier, a method change was necessary in order to

compnlete the analysis satisfactorily. This change was agreed upon by all
members of the initial analytical test plan team. A packed column was

substituted for tne capillary column designated at the planning meeting

by the consensus team. This change was necessary for two reasons.

First, the Carbowax 20M capillary column was found to perform

inadequately with the Tenax desorption unit as configured in the Versar

laboratory. Also, the column would have bet, destroyed by the water

trapped by the Tenax tubes as the system does not provide any means for

venting the moisture from the system. The amount of moisture collected

was not anticipated when the plan was developed, nor had such a problem

been indicated by previous sampling excursions. Additional interfacing

would have been required to adapt the method to the existing

instrumentation, which was not feasible during the time available. A

change was implemented and a 6-foot 2rn ID glass column packed with

Chromosorb 101, 80/100 mesh was substituted for the 60-meter capillary

column. This column is the EPA required column by Method 603, for the

analysis of acrolein. The Chromoscrb colum~n methodology was developed by
EPA specifically to handle large amounts of moisture in the analytical

system.

3.2.3 Charcoal Method Sdmmary

General organic analysis was performed on the air samples

collected on charcoal using EPA and NIOSH methodologies adapted to the

testing of the PATIOT Fater/Air conditioner units for determination of

possible organic irritants. The metnodologies are, NIOSH Method P&CI1

127 "Organic Solvents in Air" ard EPA Method 625 Base Neutrals/Acids and

Pesticides. In addition tne fused silica capillarj conditions were
y =ndtion wer
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selected from te EPA document entitled "mQality Control Protocol for the
Fused Silica Capillary Column Gas ChrmatographyA•iass Spectrometry
Determination of Semi vlatile Priority Pollutants", U.S. k7A, EMSL, Las
Vegas, September, 1981.

Charcoal tube samples were broken open and the front and back

portion of the sample tube transferred to serum cap vials and desorbed
with carbon disulfide prior to analysis. Desorbtion was performed with

Sshaking at least 30 minutes prior to analysis. All extracted. samples

were analyzed by NICSH Method P&CI-., 127 us.ng GC/FID prior to GC/MS

'analysis. No organics were detected by GC/FID. Detection limits are on

the order of 0.1 mg/m 3 . Sele-ted extracted exhaust air samples were

then analyzed by *iMS to confirm the results of analysis.

,G/FID analysis was, performed using a 20-foot 1/8" stainless
steel column packed with 10% SP-1000 on 80/100 mesh Supelcoport. The
oven was programmed to hold at 100oC for two minutes following injection

and was then programmed to 270 0C at 8*C per minute. The elevated final
"temperature was used to chromatograph the phthalate esters wnich were

"S targeted by the analysis.

The HRGC/4S analysis was performed by injecting, Grob style, 1
ul of the extract on a 60-meter SE54 fused silica capillary column. The
sample was injected onto the head of the column at 45 0C and then

programmed to 275 0 C at 10C/min. The conditions for analysis are listed

in Table 8.

Prior to analysis of samples, the calibration of the GC/MS was
verified by the direct injection of DFTPP, and the ion abundance criteria .5

in Table 9 verifiad. The standard response factors for the 3-point

standardization were checked and linearity verified. Samples and blanks

were tnen analyzed. Results are reported in mg/m. No organic .

materials were ooserved in any of the sample extracts.

• .

A!

.1.
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TABIZ 3

GAS CE~aA!IGRAF1IC COITIMS

Sample Injection: i ul GRB injection

Carrier Gas: HeliLad (99.999%)
Carrier Gas Flow Rate: 1 ml/minute
Initial Column Temperature: 45 0C for 4 minutes
Column Configuration: 60 meter SE54 fused

silica capillary
Columxn Temperature Raw. Rate: 10OCAninute
Final Column Temperature: 275*C for 30 minutes 'C:

MASS SPJX; ý CONITIONS

Mass Scan Rate: 0.75 sec/scan
Mass Scan Range: 20 - 505 anu
Calibration: FC-43/DFTPP
Vacuum Conditions: 2 x 10-6 torr

EM Voltage: 180eV
Ionizer mode: Electron impact positive ion •-
Minimum Peak Width: 2 scans
Minimam Peak Area: 50
BaselJiine: 0
A/D Threshold 1 "
Mlnim= F'ragnent Widtn %: 81

Sm '

/
/
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TABLE 9

DECFLL~nk4M=PHOPIflIE (DFTP) 50 ng
Method 625

m/e Ion Abundance Criteria

51 30-60% of mass 198

68 less than 2% of mass 69

70 less than 2% of mass 69
127 40-60% of mass 198

197 less than 1% of mass 198
198 base peak, 100% relative abundance

199 5-9% of mass 198
275 10-30% of mass 198

365 <1% of mass 198
441 less than mass 443

442 greater than 40% of mass 198

443 17-23% of mass 442,

'ft

I'

P.i
F-2.3
f -13 :,.



3.3 Impinger Solutions Inorganic/Organic

Cyanide, formaldehyde, and acrolein were determined from
impinger solutions. These samples were analyzed using NIOSH

methodologies adapted to the study of the MERADCO4 PATRIOTr eater/Air
Qxiditioner system. A summary of each method is given in Section 3.1 and

the detailed method is presented in Appendix IV.

3.3.1 Sodium Hydroxide for Cyanide

Cyanide in air analysis was performed according to NIOSH Method
No. P&CAM 116. Atmospheric samples were taken using midget impingers
containing 10 - 15 ml of 0.1 M NaOH. Sample volumes of 60 to 74 liters
of air were collec~.ed. Blank impingers were handled similarly to the

other samples except that air was not drawn through the impinger train.
.he determination of cyanide was accomplished using a cyanide ion

specific eiectrrde and a single junction reference electrode. Millivolt 5
readings from a series of cyanide standards prepared in 0.1 M NaOH were

recorded and used to prepare a calibration curve. The millivolt readings
were plotted vs. the cyanide ion concentrations of tne standards on
semi-log paper. The cyanide ion concetration is ug/'ml was plotted on

the log axis. Mhe millivolt reading fran the analysis of a sample was
converted to ug N,4n1t of imnpinger solution using the calibration curve.
The ug content of the sample was multiplied by the sample impinger volume
to obtain the total ug aJ in the sample. The concentration of cyanide in
the air sample is expressed in p (volume) CN using the following I

equation:

ppm (vclume)a' (0.94) conc. LN

The range of NIOSH Metnod No. 6&CAM 116 is 0.02 - 19 .xn (volume) CN in

air. Spike recoveries of sample dosed at 1.6 ppm CN and 1.3 pcxm C4 were

94% and 90% respectively. The results for all samples are listed in ,•

Section 3.4.
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3.3.2 Sodium Bisulfite For Formaldehyde

Fbromldehyde in air was determined using NIOSH Ietho•d . P&CNo
125. Air samples of 20 to 60 liters were drawn through two impingers

xconnected in series each containing 15 ml 1% sodium bisulfite (NaRO( 3)

solution. Blank impinger solutions were handled like other samples
- except that no air was drawn through them. A spectropotcmetric

determination of formaldehyde standards was performed to prepare a
cal'iration curve. Formalderyde reacts with chrcmotropic acid-sulfuric
acid to form a purple chrcmugen. the absorbance of the colored solution
is determined in a spectropoteamster at 580 rim and is proportional to the
quantity of formaldehyde in the solution. Th absorbance is plotted
against micrograms of Zooualdehyde. The formaldenyde content of the
"sample impinger solutions was determined. 'mere two impinger solutions
collected in series were analyzed the formaldehyde content of solution A
was added to that determined in solution B to give the total amount in

the sampled atmosphere by the impirnges in series.

-he concentration of formaldehyd e in the sampled atmosphere was
calculated oy using the following equation:

pp formaldehyde (volume) -a (0.81) conc. -M formaldeh'yde
.M3

The range of 14ICSH Metnohd %bl PSCA 125 is 0.1 - 2.0 ppm
(volume) formaldehyde. Spixe recoveries of samples dosed at 0.4 ppm, 0.2
ppm and 0.4 ppm were 6014, 80% and 60% respectively.

Lnta3Ke sample 3-2-9 develood a purple-red color after reagent
addition instead of tne normal purple nromogen for7*i when formalde' ,-e
is present. AaveleeNtn sans of inta.e sample 3-2-9 and a 0.5 pp
formalde.ide standlard were perforw,*• to compare absorbance ;esiaxs. Fiqre
"2 snhws tnat siiilar acsncatnce cnaracteristics in tne range of 540 to

640 ra are apgarent suggertng trat formaldenyde is present in tn.e
-. atle. In tne range of 440 to 520 nm tne acsorowance patterns are
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different, indicating the presence of another caompoun of unknown

identity in intake samp~le B-2-9. A su~mmary of results is given in

Section 3.4.

3.3.3 Sodium Bisu.lfite Ebr Acrolein

kcrolein in air was determined using NIOSH method No. P&CPA
211. Air samples of 20 to 60 liters were drawn through two midget

i~inv:irers connected in series eac cont~aining 15 m.1 of 11 sodium
ioisulf ite solution. Blank impirger solutions were handled similarly to

the samp~les except that no air was drawn througn them. A calibration

curve was prepared using acrolein standards in the range of 0.06 to 1.8
pp (volume) acrolein. The reaction of acrolein with 4-hexylresorcinol

in an alcoholic trichioroacetic acid solvent medium in the presence of

mercuric chloride results in a blue colored product whose absorbance is

read at 605 ru in a spctrophotoazeter. The absorbance values were
plotted against microgramsw of acrolein, in the color developed standards.
Each samiple impinger was analyzed separately in the case where impirger

solutions connected in series ware not mixed together. in the field. The

acrolein content of the sample solutions ware, determined after color

* ~developed, measureme~nt in a spectrophotrm~ter, anid com'parison to the

curre previously prepared from the standard acrolein solutions.

The concentration of acrolein in tz* sampled atmosphere was

*calculated using the following equation:

;;pm (volLzne) acrolein 0.44(conc. acroieiri)

*Spi.<e recoveries of samples dosed at 1.0 pTi anid 0. 3 =n

acrolein were 1074 anid 100"- .espectiv.ely. A stimnary of results is gi~ven

in Section 3.4
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3.4 Results and Conclucions For Target Parameters

The net results and conclusions of the analysis of effluent air

from iPAMIOT Heater/Air conditioner are discussed in tlhis section. Ebr a

detailed discussion of quality assurance spikes, field blanks, laboratory

blanks, reagent blanks, intake sapples and other measures cf performance,
see Sections 3.1, 3.2, 3.3 and 3.5

3.4.1 Acrolein

3.4.1'.1 Tenax Tracs

No recovery of acrolein in either of the preliminAry

performance tests indicates tnat Tenax is unable to provide any useful

results concerning the presence or absence of this chemical. The

acrolein added to Tenax traps for the preliminary performance te-st and

then subjected to a cooled enviroravent during sampling cmbined with high

humidity was lost. hlis loss would hav" ccrn about by retention -n

during subsequent laboratory desorption, or possibly as a result of
contact with the hot discharge air, or a reaction with the humid air

during the preliminary performance tests or any cmination of the above

conditions.

1.4.1.2 Charcoal Tubes

No perforrnance test of acrolein were performed on charcoal but

it is reasonanle to conclude, on the basis of Temax results, that no

useful acrolein conclusions either positive or negative could be

extrapolated from tne results of cr.arcoal tube analysis.

3.4.1.3 LminLer Solution - li Sodium Bisulfite

No acrolein was detected from any unit using tne standard NIOSH

.Tetnod. Detection limits varied with volume of air sampled and Lmpir~e
3 3solution from 0.375 mg/m for units A and 3 to 0.06 mg/im for all

other analysis.

E-2r
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3.4.1.4 Conclusion Acrolein

3T•he TLV-TAA o acrolein is 0.25 mg/W3 and no acrolein was

observed in units C an 0 at a detection level eight times below this
level. In units A and B a slightly higher detection limit stould pose no

significant cocrn since the detection limit is : trictly a function of
sampe taken and only slightly higher then the TAN and four times lower

than reported in the one case of positive acrolein identified in unit R3

(serial No. 801160) by Skinner & Sherman in April 1962.

"" rolein is not pcodc by or from any units tested in this

report.

3.4.2 Aromatic Oranc

"3.4.2.1 Tenax Traps

Benzene and toluene were observed in ali intake and exhaust
samples at very low levels ( 10 to 20 ug/W3 for benzene with a TLV-TWA
of 30,000 ug/M and 10 to 200 ug/m for toluene with a TLV-TWA of

"750,000 ug/m3).

3.4.2.2 Charcoal Tfraps

,N benzene or toluene was observed eve at extremely low levels

any in extract tested.

3.4.2.3 Conclusion - Aromatic Organic Cvou s

Benzene and toluene wre observed at extremely low levels and

appear to oe contaminanats in tne area where sampling ,es conducted on the
PATRIUOT units. No other aromatic organic ccmoxuns 'were observed.

Aromatic organic caipourxs are not produced by or from any

units tested in this report.

" F'~-29
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3.4.3 General Orcanics

3.4.3.1 'enax and Charcoal Trars - Conclusion

With the exceptions of the laboratory/field contaminations

discussed in Section 3.2, no orcanics were found in discharged air at any

su stant~ial levels. Trichloroethelene and ethylbenzene was found in most

intake and exhaust samwles at trac levels. The levels of

trichloroetheylene were all <0.01 mg.,*3 and always slightly higher in V.

exhaust than intake. V

3.4.4 Emaldehyde

3.4.4.1 Iminger Solution - 1% Sodium Bisulfite

No focaaldeyde was detected from any unit using the standard

NIOSH mettod (PI6CM 125). Detection limits were at least a ten-fold
factoc lower then the LV-N•A limit of 3 (and in 'ist cases a

factor of 50).

3.4.4.2 Conclusion - Foaldenyde

Ftrmaldetrytk is not produced by or from any unic tested in this

report.

3.4.5 R'drogen Cyanide

3.4.5.1 Dnpuier Solution

, hydrogen cyanide was detected from any unit using tie

standard NIOSH metnod (P&,CAM 116). Detection limit of 0.02 g/mrn3 i.
3550 tuimes lower tnan tne TLV-TWA of U1 g .. '

3.4.5.2 Corclusion - Hydrogen Cvanide

Hydrogen cyanide is not produced by or from any units tested in

tnis report.

.a
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3.5 Sumwary of Fesults by Units

In the following section a listing of all data by unit is
covered by this report. The following units will be covered:

LUnit SN Date Manufactured

1. 801193 12/81

2. 801198 1/82

3. 801188 11/81

4. 801185 11/81
hi

Analytical results of the above units are presented in •bles
10 through 13.

"3.6 Orparison of VWrsar and Skinner & Sherman Rsults

Tfriplicate samples were taken during the first hour of
operation of each unit following exactly the June 11, 1982 plan. These
samples were sent to U.S. AEHA, Skinner & Sherman and Versar for
"analysis. In addition, Skinner & Sherman requested and V•rsar provided

1% sodium oisulfite solution for the same analysis. Skinner & Sherman

P has provided their report tsee Appendix III). The U.S. AEHA results will

be presented at the July 21, 1982 meeting.

No differenes exist bet-en tne Versar and Skinner & Sherman

report t--at *"arnld in any way alter te general ca-r.lusicns concezn.LN

target parameters discussed in Section 3.4. Althougn tne Sý.inner &

Sherman report lists acrolein found in tne first hour of unit A ({4
801193). The GC/FID quantification lev-l for acrolein is a 0.0025

Smg/m3. This number reflects three majo" u=-tztainties:

1. he GC/FID method alone can not uniquely identify acrolein.

2. The level reported is less tnan a factor of ten amove tne
reported detection limit.
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MUMS FORUIT 80 1193 (nRAM3)

H=u Hour Ho~ur
PARAM4 LWAXONý 1 2 3

Tenax* Benzene Intake 0.01 .- --

T *t < 0.01 0.01 0.01

Toluene Intake 0.14 -- --
Exhaust 0.11 0.08 0.05

Michloroethlene Intake tr -

Exhaust ~ -

Charcoal" General Intake ND ND ND
Tube~s adi~c st ND HD ND

0.1 N!3U HM Intake <0.025 <0.025 <0.025 .
Exhaust <0.025 <0.025 <0.025

U
It NaHSO3 Acrolein Intake <0.375 <0.375 <0.375

Exhaust <0.375 <0.375 <0.375

1% NaRS0 3  Fbrmaldehyde Intaxe <0.375 <0.375 <0.375
Exhaust <0.375 <0.375 <0.375

Primarily GC/AS
** Primarily G/FID (supq:orted GC(/MS). *

tr = race
M - Nt detected

32-3
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MNUZ 1.1

Hor Hour Hour
PAPMEM LOATION 1 2 3

Tenax* Benzene Intake <0.01 -- --•.••Exhau•st < 0.01 0.02 <0.01

Toluene Intake 0.01 -- -
Exhaust 0.01 0.03 0.03

richloroethlene Intake tr - -
Exhaust tr tr -

Carcoal** General Intake ND ND N
Tubes Exhaust ND N ND

0. 1 N HCe Intake <0.025 <0.025 <0.025
S•Ewhaust <0.025 <0.025 <0.025

It% NaSO3  Acrolein Intake <0.375 <0.375 <C.375
Exhaust <0.375 <0.375 <0.375

It NIHS0 3  FbrzaJdehyde Intake < 0. 375 1.60*"* <0.375
Eahaust <0.375 <0.375 <0.375

• P-imarily GC/MS
•* Primarily GC/FID (supported GCAS).

**'Suszect cnemical inr.erference.
tr = trace
ND = %~t detected

'.4
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TABIZ12

RESM FOR hUNT 8011.88 M3

Ho~ur Ho~ur Hour C
PARNMT UDATIC'M 1 2 3

=nax* Benzene Intake 0.01 -- -
Tubes Exhaust 0.01 0.02 0.01

TleeIntake 0.04 -- -

Exhaust 0.08 0.03 0.04

Tr icloroethlene Intake tr - --

Exhaust tr tr tr

Carcoal** General Intake ND ND RD
SExhaust ND ND ND

0.1 Nam EICN Intake <0.020 <0.020 <0.020
Exhaust <0.020 <0.020 <0.020

1i NIHOj3 Acrolein Intake <0.060 <0.060 <0.060
Exhaust <0.060 <0.060 <0.060

*4

.11 Ne;O3  Fbrmaoldehde Intake <0.060 <0.060 <0.060
Exhaust <0.060 <0.060 <0.060

* Primarily C/%MS
** Primarily GC/eID (sumorted C/MS) .
tr a trace
ND - Not detected

5.
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PZaLE 13

RESJL EOR tIT 80L185 (zzg/ý)

Liur Hur Hour
PPARAETR LOTcATI 1 2 3

1Tnax* Benzene Intake 0.01 --. .
-, Tubes EChaust 0.01 0.01 <0.01

Toluene Intake 0.02 - -

Exhaust 0.03 - -

Trichloroethlene Intake tr --

E,-taL•st trZ tr t

Charcoal"* Qneral' Intake ND ND NDTube Exhaust ND ND ND

, 0.1 NaCH 132 Intake <0.020 <0.020 <0.020
Exhaust <0.020 <0.020 <0.020

S1% NsHS03 Acrolein Intake <0.060 <0.060 <0.060
•Exhaust <0.060 <0.060 <0.060

It 'aI% 3  FlOrza1dhyde Intake <0.060 <0.060 <0.060
Exhaust <0.060 <0.060 <0.060

* Primarily GC/MS
Primarily GC/FID (supported GZiMS).

tr - trace
" IM -N ,bt detected

.' ,
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3. The TLV-ZWA for acrolein is 0.1 mg/m 3 and the reported

value is only 1/40 of the eight hour exposure level.

Taken together the factors make the reported value extredely uncertain.

I
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APPENOIX 6GI

VERSAR Supplemental Report for Sampling
and Analysis of Fifth Air Conditioner
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Mersar Proiect .. 783 1
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hIis report is a suppleffent to the detailed account (July 16, 1982)

of sampling and analysis of four MEPADC: PArIOT. Heater/Air Conditioners

and covers one additional unit (SN 801160). This unit had been

previously tested by Skinner & Snerman for Raytheon and shown to emit

"ac:olein at the 2.5 to 5 mg/m 3 level. MERADCt decided to test this
"unit with the same metnods (JPne 11, 1982 Test Plan) applied to the

intensive study of four new units.

"I4
.3
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2.0 SAMPLING

Sampling activities were conducted on July 15, 1982 at the VSE

facility in Alexandria, Virginia for selected inorganic and organic
compounds as described in the Test Plan dated June .1, 1982. The PARIOT
Heater/Air Conditioner unit sampled was designated as thit R3. During

sampling, tne PAM.IOT unit was operated continuously in the hign heat
mode. Sampling techniques were identical to those used previously on
June 30 and July 2, 1982. Sampling techniques were used which would

Sallow the detection of the target parameters acrolein, aromatics (less
than 120 molecular weight), a broad range of organic compounds,
formaldehyde and hydrogen cyanide.

The MERADCOM PATRIOT Heater/Air Conditioner was positioned near the :

overhead bay door for sampling activities. A ten-inch diameter intake

duct was placed into position at a point along the exterior wall of the

building approximately three feet from the edge of the overhead bay door
frame. Thus, intake air originated from a area away from the units
exhaust. To adequately separate the exhaust from the intake, the area in
which the unit was located was completely sealed-off from the intake
using a sheet of polyethylene and placing it in position so it

effectively sealed the air-conditioned warehouse area from the outside
". envirorient. All other ductwork was unaltered from the original

testing. There was no vehicular traffic in the aiea of the intake during

the three hour sampling period.

The monitoring operation was conducted the same as previously

described in the summary of results submitted July 16, 1982. During
sampling activities, VSE Corporation personnel recorded ambient, unit

A intake, and unit exhaust temperature at 15-minute intervals as well as

voltage, wattage, Hobbs hours meter recordings, and static pressure
"created by unit operation. Sumwrry of total samples collected is

presented in Table 1.

p.
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SU44ARY OF Th~hL SAMPLES CM- POR PATRIOT
HEAd/AIR OomiT nIGINA AS I3

Blanks unit

Intake Exhaust Field lab Summary

Hour 1

Tenax Tubes 3* 3* 3* 3* 12
Charcoal Tubes 3* 3* 3* 3" 12
0.1M NOH 1 1 1 - 3
i% NHSO3  2** 2** 2** - 6

Hour 2

Tenax Tubes 3** 3** - - 6
Charcoal Tubes 3** 3** - - 6
O.IM NaCH 1 1 -- - 2* It NRS`o 3  2** 1 -- - 3

Ho~ur 3

Tenax Tubes 3** 3** 1 8
Charcoal Tubes 3"* 3** 1 1 8
.0.lMO 1 1 -- - 2

," 11 NaHSO3  2"* 1 - - 3

71

Duplicate Tenax and charcoal samples, and blanks were collected and
submitted to U.S. AERA and a.ytheon/Sk inner & Sherman for analysis.

" Duplicate 1% NaHSO3 (sodium bisulfite) impinger samples and field
blanks were collected and submitted to Rayt:1_eon/Skirm-r & Sherman
for analysis of acrolein using NIOSH P&CAM 211 methoiology.

• n Ii4. p I



Immediately after each one-hour sampling run, all samples were

appropriately sealed and placed, with ice packs, in coolers. They were

maintained in this refrigerated condition until returned to the

laboratory. Mhere, the appropriate samples were either turnea over to

Versar 's laboratory or preparec for shipment to Skinner & Sherman and

U.S. AEHA. he latter were packed in ice (blue ice) and shipped via

Federal Express and delivered the next day. A completed chain-of-custody

record (see Appendix I) accompanied the samples for each laboratory. The

chain-of-custody records also contained sampling duration and sampled

volume data.

The volume of air sampled at each point, as reperted on the

chain-of-custody record, was determined from the known sampling duration

and the calibrated flow rates of the sampling pumps. This volume was

calculated as:.

Sampled olum - Sampling 0.iration (time) x Flow Rate 0 te

Prior to each sampling day, the pumps were calibrated with the

appropriate sampling train in place. A soap-film bubble flowmeter was

used for these calibrations and the pump flow rates were assumed to be

constant throughout the sampling period.

Pd'
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3. 0 ANLMIS

3. 1 Summary

All methods and reference procedures can be found in the July

16, 1982 report. Laboratory sampling, handling and control was charged

to isolate the impinger tuoes for any contact with normal lanoratory

air. No laboratory contamination in either Tenax or charcoal traps was

okbserved.

" 3.2 Results and Conclusions

A sumuary of the results for this unit is give in Table 2.

The results continue to show a real contamination of intake air by

toluene. As was the general trend with the other four units, the exhaust

"toluene was scmewhat higher indicating possible generation by units. But

like the other four units the level observed is 0.04 mg/m3 and

b therefore not likely a problem.

The analysis by target parameter are summarized below:

1. A-rolein - Teax - not usefulP Charcoal - not useful
11 NaH0 3 - not found (d.1. 0.06 mg/0)

2. Aromtics - - raxx-none found
Charcoal - none found

3. General Organics - Tenax - none found

Charcoal - none found

4. Pbrmaldehyde 1% NaIM 3 -none found

5. HCN - Cyanide - 0.1 ?aCH - none found

TMe PATRIOT Heater/Air Conditioner (SN 801160) did not produce any of the

target parameters at significant levels in the sampling configuration

tested.

.6-7
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R~X~ TABLE 2

TI pmUNIT 801160 (3:/M 3)

our Hoour HourPp.*M 10=ATON 1 2 3

Tenax* Benzene Intake <0.01 -- -
Tubes Exhaust <0.01 <0.01 <0.01

Toluene Intake 0.02 .. ..
Exhaust 0.04 -- -

Trichloroethlene Intake tr - --
Exhaust tr .. . ,

Charcoal** General Intake ND ND ND
Tubes Exhaust ND ND ND I

0.1 NaCH 1IN Intake <0.020 <0.020 <0.020
Exhaust <0.020 <0.020 <0.020

1% NaHSO3  Acrolein Intake <0.06 <0.06 <0.06
Echaust <0.06 <0.06 <0.06

1% N•O3 obrmaldetyde Intake <0.06 <0.06 <0.06
Exhaust <0.06 <0.06 <0.06

* Primarily GC/,4S
**Primarily GC/FID (supported GCr-1S).

tr = trace

ND - Not detected

Sii
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APPENOIX H

Results of Sampling and Analysis Conducted
on Five Heater/Air Conditioners
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Versarm

RESEMMS OF S~IV4PLI AND AWLMIS
CONEUCR ON FIVE PA1MDT H&NTEAIR

~j) aLNDITMNIM AT THE VSE COMRDLTJD
F1A~flY: AMZANCIA VIT~nGA

Prepared by :

VERAR nr.

6621 Electxcrmic Drive
Springfield, Virginia 22151

(703)' 750-3000

Ji~y 21, 1-062
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MR=*o BE VAMEKA CCNrmM•

MMT PLAN WY4U1M CORIATIO 1TEAM

MERAC4 PAIRIOT Office

R. McKechie

U.S. AERA

R. Bongiovanni
G. Esosito*
D. Dogeniero
L. Valis*

?EAD4 Safety

B. Lore

. Ersevault

A. Granese*

G. Sams*
R. Caldwell*
R. Pdolph*
R. Sherfy

R. Berger*
H. Ialze11'

Versar Inc.

J. Richards*
R. Flonan*
S. Powers*
N. Jurinski*

*Consensus team wno participated in rne development of the June Ii, 1982
rest plan.
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MYBIZ 2

PA3RIOT HEATERAM COMITIONE PLAN
(June 11, 1982)

TARGET PARPIME METHM OF TRAPPING

* 1. Acrolein a) Tenax (cooled)
b) NIOSH - NaBS0 3 Ibpinger (cooled)

2. Aromatics a) Tenax (cooled)
(benzene, toluene, etc) o) Charcoal (cooled)

3. General Organics a) Charcoal (cooled)

(phthtalates, etc) ) Tiz.ix (cooled)
*1

4. Formaldehyde a) NIOSH - NW 3 Impinger (cooled)

55. lC• - Cyanide a) NIOSH - NaCEH Inpinger

,'-2-
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TN31E 3

SU44ARY Cf ~ThL SM4PIM COLL= FO PA.TROT~ HA2W/
AIR CCN~faeRPE UNIT AND PERa EUNITS

Blanks Recovery Unit 4 Unit

Exhaust Intake Field Lab Spike Suary Summary

Hour 1

Recovery Spike - --. -- 3* 3 3*
Tenax Tubes 3** 3** 3** 3** 12 48
Charcoal Tubes 3"* 3** 3** 3** -- 12 48
0.1m Na(H 1 1 1 - -- 3 12
1% NaHSO3  2+ 2+ 2+ -- - 6 24

!bur 21

Tenax Tubes 3* 3** .. .. .. 6 24

Charcal Tubes 3** 3** 6 24
0.M NaOH 1 1 2 8
1% NaHSO3  2+ 1 .. .. . 3 12

Hour 3

Tenax Tubes 3** 3** 1 1 - 8 32Charcoal Tu~es 3"* 3"* 1 1 -- 8 32
0.IM NaOH 1 1 .. .. .. 2 8
1% NaHO 3  2+ 1 .. .. .. 3 12

74 287

* A recovery spike on Tenax was prepared by Versar and submitted to
U.S. AEHA and Paytheon/Skinner & Sherman as well as Versar for
analytical analysis during the first unit's operation.

"* uplicate Tenax and charcoal samples, and olanks were collected and
sur-itted to U.S. AEFA and Rayth2eon/Skinner & Sherman for analysis.

"+ Luplicate 1% NaHS03 (sodium bisulfite) impinger samples and field
blanks were collected and subtitted to Raytheon/Skinner & Sher-man
for analysis of acrolein using NIJSH P&CAM 211 methiodology.

%'p •N



Verum'.. 3B

SUMMARY OF TOTAL SAMPLES COLC=F PAMRIO1'a
1WTE/AIR C0DCITINE LMIGNA AS R3

Blanks Chic

Intake E_._aust Field Lab Sumary

Hour 1

Tenax Tubes 3* 3* 3* 3* 12
Charcoal Tubes 3* 3* 3* 3* 12
0.1M NaOH 1 1 1 - 3
11 NaWSO3  2** 2** 2** - 6

Sour 2

TLnax Tubes 3** 3** 6
Charcoal Tubes 3** 3** - - 6
0.1MI I NH 1 1 -- - 2
I% NakSO3  2* 1 -- - 3

Hour 3

Tenax Tubes 3** 3** 1 1 8
Charcoal Tubes 3** 3** 1 1 8
0.1M NaOH 1 1 .. .. 2
1% NaHS-3 2** 1 3 . . 3'

71

LDuplicate Tenax and cnarcoal samples, and blanks were cillected andi,.'
submitted to U.S. AEHA and Raytlieon/Skinner & Sherman for analysis.

** Duplicate 1% NaHSO3 (sodium bisulfite) impinger samples and field
blanks were collected and submitted to Raytheon/Skinner & Sherman ,
for analysis of acrolein using NIOSH P&CAM 211 nerthodology.

V
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TABLE 10

RESLTS .-. t EMT 801193 (Mqgn)

Hour Hour Hour

PAPAMETE Ltc=~ON 1 2 3

Tenax* Benzene Intake 0.01 -- --

Tflbes Exhaust <0.01 0.01 0 .

Tol~uene Intake 0.14 -- --

Exhaust 0.11 0.08 0.05

Tridiloroethilene intake tr --

Exhaust t~r --

-Tharcoai.** General intake ND ND ND
TuesEhaust ND ND ND

0. 1 NaCH lCN Intake <0.025 <0.025 <0.025
Exhaust <0.025 <0.025 <0.025

1% NaHSO 3  Acrolein Intake <0.375 <0.375 <0.375
E&hAust <0.375 <0.375 <0.375

1% NWWO3 Ebrma.Idehyde intake <0.375 <0.375 <0.375
Exhaust <0.375 <0.375 <0.375

*Primarily G(/4MS

**Primarily GC/FM (supported GC/MS) .
tr -trace
L1D - Not detected

'Y -7
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WI mS R FMIT 80U96 (z/u2 3)

Ho~ur Hour sour
PARMAU £CATION 1 2 3

Tenax* Benzene Intake <0.01 -- --
Dibes Exhaust <0.01 0.02 <0.01

Tolumne Intake 0.01 -- -
Exhaust 0.01 0.03 0.03

Ttichloroethlene Intake tr -- --

Exhaust tr tr -

Zharcoal** General Intake ND ND MD
TWes naust ND ND ND

0.1 N&CH IH2N Intake <0.025 <0.025 <0.025
Exhaust <0.025 <0.025 <0.025

1% NaHSO3  Acrolein Intake <0.375 <0.375 <0.375
Exhaust <0.375 <0.375 <0.375

1% NaHSO3  Fbrmaldehyde Intake <0.375 1.60*** <0.375
Exhaust <0.375 <0.375 <0.375

* Primarily GC/?'S
** Primarily GC/FID (supported GC/MS).
***Suspect cnemical interference.
tr - trace
ND w Not detected

S•.•[••,• .•%•• • '-J., ', , '-',.' " . .. "•T. •.•-,.\ . . - ,'- -./-, \ ,2



FM= p WIT 801188 /mM3) I
Hour Hour Hour

Tenax* Benzene Intake 0.01 -- -
Tubes Ech&USt 0.01 0.02 0.01

Toluene Intake 0.04 -- -
Lxhaust 0.08 0.03 0.04

Trichloroethlene Intake tr - --
Exhaust tr tr tr

Charcoal** eneral Intake ND ND ND
Tubes Exhaust ND ND ND

0.1 Nami HC Intake <0.020 <0.020 <0.020
Echaust <0.020 <0.020 <0.020

1% NaHSO3  Acrolein Intake <0.060 <0.060 <0.060
Exhaust <0.060 <0.060 <0.060

1% NahSO3 Eormaldehyde Intake <0.060 <0.060 <0.060
Exhaust <0.060 <0.060 <0.060

* Primarilv GC/MS
** Primarily GC/FID (supported GC/MS).

tr tz ace
ND - Not detected

.. "V.. '*
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TN=L 13

MML1S pM LtWT e01185 (WqAu3)

ur Hour Hour
PARAMETER WCATION 1 2 3

Tenax* Benzene Intake 0.01 - --

Tubes Exhaust 0.01 0.01 <0.01

Tbluene Intake 0.02 - --

3c-aus_ --

Tridaloroethl&e-w Intake tr - -

Exhaust tr tr tr

Charcoal** General Intake ND ND ND
SExhaust ND ND ND

0.1 NaOH • Intake <0.020 <0.020 <0.020
Exhaust <0.020 <0.020 -0.020

1% NaHS0 3  Acrolein Intake <0.060 <0.060 <0.060
craust <0.060 <0.060 <0.060

1% NaHO 3  Flormaldelyde Intake <0.060 <0.060 <0.060
Exh.aust <0.060 <0.060 <0.060

* Primarily GCi,4AS

** Primarily GC /ID (supported GC/MS).
tr trace

ND - Not detec'.ed

IN
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3TMO 2

RjLM= EM UNIT 801160 (ng/M3 )

Hour Ho~ur Hour
WPAMCAT'ION 1 2 3

Tenax* Benzene Intake <0.01 -- --

Tubes Exhaust <0.01 <0.01 <0.01

-Tluene Intake 0.02 ....
Exhaust 0.04 .. ...

.ITichloroethlene Intake tr--
Exhaust tr --

Charcoal** General Intake ND ND ND
Tubes Exhaust ND ND ND

0.1 NaCH HCN Intake <0.020 <0.020 <0.020
Exhaust <0.020 <0.020 <0.020

S1% NaHSO3  ACrolein Intake <0.06 <0.06 <0.06

Exhaust <0.06 <0.06 <0.06

1% NaS:C3  Fbrmaldehyde Intake <0.06 <0.06 <0.06
Exnaust <0.06 <0.06 <0.06

• Primarily GCAMS
•* Primarily GC/FID (supported GC/MS).
.tr = trace

ND = Not detected

Sh/-))
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MOR

TPR PAMETER
BOR

801193/801196/80OUSB/80OU85/801160

Mirget •arameter Result Conclusion

Acrolein n b Found *

Aromatics Traces Benzene
Traces Ibulene
Traces fridcilaroethiylere
Traces Ethylbenzane

General Organics None Fud *

Ebrmaldehyde Noe oun *

9jydrogen Cyanide Norn Found

•None of the target parameters are present in the high heat mode
discharge air in the sampling configuration tested.
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mI R R3 vi %rA' VB BC VD' VR3

Materials
Above ' No No AFLEIN NO No NO No NO NO

Organics
F Below

SYES YES YES YE YZS YES YES YES YES

0' Inotgnic
F d Bel

lba NO NO NO No NO :) No NO bN

OI

N



~cn~ffu~18

TABLZ 5

WJOLATIL OF43AMC MTERM BY THE APPRNMD EPA
MEDMWU= MEED 624 AND~ ' MMNE TMhE

WCKR= AVERAG (flA1 ) AhiM MTWMZ AMMMZ

Q~.L~tbam100 <0.01 i
-ah-20 <0.01

Vinyl Ci1oride 1.0 <0.01
WCMJ106thae 1000 <0.01

Mft~iyam Ch1oride SW00 <0: 01

1, 1-aidiLzoehn 0. <0.01

M':ichl-1, 2-iicothyam 1000 <0. 01
1cycitiA20 <0:011

1,1Dc1croethy me~ 10 <0.01
1,JDihoetae1.0 <0.01

Mmng-1,32-did hlorvproFlme 20 <0.01

Cumorz 105 <0.01
1, 2-D~inhroethzye 100 <0.01
1, 1,2.2-Tb~ichlororthae 35.0 <0. 01
Chrbluml 20zchoid0 <0. 01

1,2-idoro roprpen 75 <0. 01

Benze.ne 1.00 <0.01
11,2-C,T~rich4 Icmt .ther -0 <0. 01

besirt-, as delro tkam~ by -CO. 0
q.98. fr . 00

Tatzct~reetyle 100<0.01

1, 1 2,2Tetrchlroetane .0 <. 0
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PATR.DT PARAME~TER S WrII

Inorganic organic

Rl No100'0

R2 NO100's

R3 NO100' a

VI ErJ, HF, hlM 100's

VA HM100'Pe + Acolein/Ebraldehyde

ve B 1008. + Acolein/fbtmaldehyde

VC Sal100's + Acrolein/Fbxtmadefrpde

VD HM100's + Acrolein/Ebrnaldehyde

VR3 s 100's + APolein/Ebrmaldehyde
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1. PAMIRJT Ulit disasembled by an investigative team (mechanical
engineer and envircnmutal scientist)

--bify mechanical specifications

-Find suspct materials that could add irritants to discharge air

-- Test suspect materials over observed operational temperature range

2. Test entire enlosure of the type that caused original incident

-- Dvelop plan with Paytheoi/Skinner & Shtzven/U.S. AMA

-I-mmo SLA tdchnique as required

--Cmtrol inrut air
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DEPARTMENT OF THE ARMY

US ARMY MOSlLITY rQUIPMIENT R9SEARCH St DEVIELOPMKNT COMMAND

PORT aiELVOIR. VIRGINA 22060

AUG)l 3 1912
OROMc- EPAT

SUBJECT: PATRIOT Air Conditioner Testing for Toxic Gases

Project Manager
PATRIOT Missile System, DARCOM
ATTN: DRCPM-MD-T-C (Mr. Huie)
Redstone Arsenal, AL 35898

1. Attached (Incl 1) for your information are the minutes for the meeting

held on 21 July 1982 to discuss the results of Irritant testing of five (5)

production PATRIOT Air Conditioners conducted during the period 30 June -

2 July 1982.

2. It should be noted that"final reports covering the Irritant testing of

these five (5) PATRIOT Air Conditioaers were distributed at the meeting.

FOR THE COMMANDER:

1 Incl ROBERT M. McKECHNIE
as Development Project Officer

PATRIOT Support Project Office

CF:
AEHA (Mr. Doganiero, Cpt Critz, Mr. Valis)

DARCOM, DRCSG (LTC Vorpahl, Mr. Svalina)

Raytheon Co (Mr. Somes)
Comdt, USAADS, ATTN: ATSA-TSM-P, Ft. Bliss, TX 79916 IN

ASD-SE, WPAFB (Mr. Price, Dayton, OH 45433 
N

VSE (Mr. Sherfy, Wr. Adolph)
VERSAR (Dr. Ronan, Mr. Richards)

Skinner & Sherman (Mr. Dalzell)
DRDME-ZS, Safety Office

-UE (Mrs. Gutmann)
--EM (Good)
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DEPARTMENT OF THE ARMY

US ARMY MOGILITY EQUIPMENT RESrAACH A DEVE.OPMENT COMMAND

PFONT mELVOIR, VIRGINIA 2200

oRomE- EPAT AUG; 1982

MEMORANDUM FOR RECORD

SUBJECT: Minutes, Meeting to Review Results of Irritant Testing of PATRIOT
Air Conditioner, VSE Corporation, 21 July 1982

1. Short concise synopsis of meeting: The results of the irritant testing of five (5)

new production PATRIOT Air Conditioners were discussed. Air samples were taken by

VSE/'VRSAR and the analysis was performed by the Army Environmental Hygiene Agency

(AEHA), VERSAR, and Skinner $ Sherman. It was concluded that none of the target
parameters. were present in the air flow from the Air Conditioners when they were
operating ip the high heat m'e and tested to the agreed sampling configuration.
The target parameter included acrolein, aromatics (benzene, toluene, etc), general

organics (phthalates, etc), formaldehyde and HCN-Cyanide. A follow-on test program
was proposed.

2. Personnel Present. See attached list.

3. Background:

a. In a meeting on 8 June 1982 between representatives of MERADCOM, AEHA, VSE,

VERSAR, Raytheon, and Skinner 6 Sherman, a draft test plan was initiated. This
ws later finalized into a coordinated test plan which included a summary of the

ýroposed sampling program, summary of samples to be collected and anlayzed by the
three laboratories and the analytical methodologies to be used for analyses of the
agreed on parameters.

b. Tests on four (4) prcduction PATRIOT Air Conditioners began at VSE Corp.

facility on 30 June 1982 and was completed on 2 July 1982. Tests were accomplished on

the fifth (5) Air Conditioner on 15 July 1982. This fifth Air Conditioner (S/N 801160)

had been tested in April 1982 by Skinner 6 Sherman and was found to exhibit a high
level of acrolein when operated in the high heat mode.

4. Discussion:

a. VERSAR did a complete review of various methods and techniques that were used
in obtaining samples of air in the testing of the five (5) PATRIOT air conditioners.
They included explanations of the many precautions which they took to be assured that
the gas samples taken were not contaminated and that the samples clearly represented
the content of the air as it entered and exited frem the PATRIOT air conditioner.

Z-z7
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MEMORANDUM FOR RECORD

b. Considerable coordination was required between the three laboratories as
they finalized and agreed on the test and sampling plan. This close 'coordination
effort also was required during the analysis of the samples.

c. The result of the analysis performed by AMA, V.RSAR, and Skinner & Sherman
indicated that none of the target parameters were produced by or from any of the five
(5) PATRIOT air conditioners tested by VERSAR at the VSE Corp facility. These
target parameters included acrolein, aromatic organic compounds, general organics,
formaldehyde and hydrogen cyanide.

d. Complete reports on the results are on file in the PATRIOT Support Project

Office.

5. Conclusion. The meeting concluded that:

a. Acrolein, hydrogen cyanide and the other target parameters were not produced
by or from any of the PATRIOT Air conditioners tested.

b. Fur'ther effort should be expended in examining the various materials in the
PATRIOT air conditioner to determine if there are any brerkdowns in the material
at the temperatures which the materials are exposed to within the air conditioner
when it is operating in the high heat mode.

6. Actions: It was recommended that the following actions be initiated in an effort

to resolve this potential problem of irritant gases from the air conditioner:

a. PATRIOT Air Conditioner:

(1) Temperature and air flow survey when unit is operating in high heat mode
with the o~ertemperature device shorted out.

(2) Same as a(l) except that the right outlet port shall be blocked.

(3) Identify and analyze the various materials that could add irritants to the
discharge air within the te.xperature range determined above.

t4) Review manufacturing process on foam to determine if acrolein or other irritant
gates could be entraped in the material.

b. PATRIOT CRG Shelter: Conduct a sampling and analysis test on the CRG
shelter with air conditioner (S/N 80113) to determine the existance of irritant
gases.

Based on results of tests, make the necessary recommendation that would allow
the air conditioners to be operated in the high heat mode.

.27-3 2,.
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GEORGE F. SAMS
VSE Corporation

ROBERT M. McKECHNIE
Development Project Officer
PATRIOT Support Project Office
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July 21, 1982

DISCUSSION OF IRRIT.ANT GAS TEST
ON PATRIOT AIR CONDITIONERS

AT2."EDEES REPRESI~NTING PHONE NUJMB=

Ralph Adolph VSE Corporation (703) 960-4600
CPT Walter Critz USAEHA (301) 671-2208
Haldean Dalzell Skirxrer & Sherman Labs (617) 890-7200
Dorna M. Dogaxiiero USAERA (301) 671-2559
Franklyn Good DRDY1E-EM-?ERACOH (702) 664-6031
Ja-ea L. Buie PA7RIOT Project (205) 895-3530
Neil Jurinski Cottsultant to Versar (703) 978-0642
Robert M. McKechnie MERADCOM (703) 664-5871
John Richards Versar, Incorporated (703) 750-3000
Rich Ronan Versar, Incorporated (703) 750-3000
George Sams VSE Corporation (703) 664-5871

Bob Sherfy VSE Corporation (703) 960-4600

Larry Somes Raytheon Corporation (617) 274-7100

John A. Svalina DARC0M Surgeon Office (202) 274-9470

Bob Val4.s USAEHA (301) 671-2208
LTC Ken Vorpahl DARCOM Surgeon Off ice (202) 274-9470
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2. TASK 1I RECO44EiIMATIONS 1 AND 2

2.1 Mechanical and Material Investigation of a PATRIOT Heater/Air

Conditioner.

Based on all information at the July 21, 1982 Review, It was

recommended that a detailed investigation of the design and material in

the heater portion of a typical unit be carefully checked by a team of

experts. Recommendations 1 and 2 (Table 2) cover all specific concerns

mentioned. Task 1 will implement those recommendations. In this section

of the Plan the makeup of the Investigative Team and the details of

approach, materials choice and criteria, and inalytical methods will be

defined. The objective of this task is to define possible sources of

chemical irritant production in a unit in the heating (or high heating)

mode. The unit chosen for detailed review is the new unit tested by

Raytheon/Skinner & Sherman and later by VSE/Yersar Inc. and has SNg 801160. The unit will be c3refully reviewed by the investigative tea

and equivalent materials purchased and tested.

2.2 Devel1pment of Investigative Team.

The Investigative Team will be composed of experts who will be

able to pinpoint sources of chemical irritants in the heated zones within
Unit 801160. The team will be composed of engineer expertise provided by

Raytheon and YSE; Chemical expertise (both material and toxological) will

be provided by U.S. AEHA, Skinner & Sherman, and Versar. The following

Steam makeup has been suggested:

Raytheon - A. Granese

YSE - R. Sherfy

U.S. AEHA - G. Esposito, B. Yalis

Skinner & Sherman - H. Dalzell

Yersar - R. Ronan, J. Richards, C. Carter, S. Powers

. nu
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Additional persons from all participating organizations might be added

between now and the inspection date of August 9, 1982 as required.

2.3 Mechanical and Electrical Review

The major task in the mechanical and electrical review will be

the disassembly of a unit by the investigative team. This is intended to
pinpoint any problems with the design or construction of the units which
could result in the release of irritants or toxicants. In order to do
this the investigative team will verify adherence to the mechanical,
electrical and material specifications as set forth in MIL-A-52963 (ME)
and related documents. The investigative team will note any suspect

materials (plastics, elastomers, insulation, paint) which may come in
close proximity to the heating rods.

A preliminary inspection was done to begin the process of
material collection. .ob Sherfy of VYSE atid Charles Carter of Versar
conducted a preliminary inspection of a unit on July 28, 1982. This
inspection identified a nruber of components present in the heater side

of the PATRIOT units which contain organic polymers. The military

specifications covering these components will be obtained and the
materials in the comonents will be specified. This information will be

supplied to the Investigative Team before the disassembly of a unit
begins. Special attention will be paid to those materials which are in

close proximity to the heating rods.

The unit which is used for nondestructive disassembly will also

be used to study the temperatures attained at varicus locations
(approximately 12 locations) in the unit under a number of operating
conditions. The location and number of the points where thermocouples

will be placed will be chosen-by the investigative team performing the
disassembly. The proposed operating conditions are:

1. normal high heat mode
2. normal high heat mode with 5OZ of the discharge air blocked
3. nigh heat mode witn the safety temperature sensor bypassed.

ei J-2.



The normal high heat mode is chosen because it will be a common operating

situation during cold weather. During the preliminary inspection Bob
Sherfy described a second condition that can cause the flow of discharge
air to decrease if there is no place for air to escape from the CRG. In

this case the abmient pressure inside the CRG increases to an extent

where the net flow from the heating unit is reduced substantially. This
could cause increased temperatures inside the unit and thus the second

set of conditions have been chosen. Bob Sherfy also noted that 50% of
the units have the air intake on the same side of the unit as the safety,

temperature sensor. This could cool down the temperature sensor,
allowing the rest of the unit to reach higher temperatures than
expected. The third set of conditons will simulate these conditions and

all conditions used in tests to date.

The temperature sensing probes will be installed after the
investigative team has disassembled the unit. This will assure that the

investigative team is inspecting a unit which is representative of one as
it would arrive directly dron the manufacturer. YSE will study the air

flow characteristics of the unit in conjunction with the temperature
study.

2.4 Material

Many organic based materials in the units were noted in the
preliminary inspection done by Sherfy and Carter. Yersar is currently

obtaining the military specifications on these materials. The actual
chemical identity of the materials will be obtained from the military

specifications and from the manufacturers and/or suppliers of the
materials. Other materials noted by the Investigative Team will be

handled in an identical manner.

4.
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The most abundant organic material in the unit is the

polyvinylchloride-acrylonitrile black insulating foam. Since this is
present in large quantities, Versar will obtain detailed information

concerning the materials and processes used in the manufacture of this

materi al.

Once the chemical identities of the materials in the unit are

known it will be possible to make preliminary determinations of the

potential thermal degradation products of the materials. Literature I
sources will be consulted to determine the probable products.

2.5 Thermal Degradation Experiments

Two different types of thermal degradation experiments are

planned. The first will determine the extent of outgassing and breakdown

of various orgonic materials in the units at temperatures expected in the

units. The second experiment will determine decomposition products at

much higher temperatures than those expected during normal operation.

This will simulate the accidental direct contact of one of these

materials with the heating rods. Both experiments will be done at

ambient air pressure.

2.5.1 Operating Temperature Experiment

The first experiment will simulate the behavior of the various

materials during normal operation of the units. This experiment is

intended to determine whether any irritants or toxicants will be released

from the materials at the temperatures expected during normal operation.,

*. The experiment will be performed as described below.

A known amount of a sample will be placed inside an all glass

container. The container will be closed so it is gas tight, and it will

* be heated in a water bath at ambient temperature and at 180"F (the exact

higher temperature will be determined by the investigative Team). These

represent the likely extremes of temperature the unit may experience in

J- q



the heating mode. The staple will be held at the specified temperature

for 4 hours. At the end of this period the reaction flask will be

flushed'with ultrapure helium into a trap containing Porapak A (80/100

mesh) or Porapak M (80/100 mesh) held at approximately -78"C. After the

flushing is complete the trap will be heated and the compounds

(ice-acetone bath) released will be analyzed by C/uS. Porapak R is

suggested because other authors have found it to have a ,superior

efficiency for compounds such as hydrogen cyanide and acrolein than wore

commonly used sorbents such as Tanax GC. Porapak N is the absorbent

suggested by EPA for the analysis of acrolein and acrylonitrlle. 2  The

final choice of the analytical column will be based on preliminary

tests. As many as ten unit materials will be tested by this headspace
procedure at two teperatures each. Those which outgas or degrade
significantly at the higher tmperature will be studied at two

latermediate temperatures also, probably 120*and 150"F. Thu results from

this first set of experiments will determine which of the materials may

under normal operating conditions release irritants or toxicants.

Special preparation steps will be taken in the case of certain

materials. There are a number of adhesives and sealants in the

heater/air conditioner unit which should be tested. These materials will
be applied to the inside of the flask and will be allowed to dry. At the
end of the drying period the epxel-iment will be run as usual. While a
number of volatile organic compounds will probably be released during the

drying, process, these are not relevant to the problem at hand. Any

operational urit will have been allowed sufficient drying time during the

assembly and shipping of the unit to remove these compounds. For some

aaterlals it may be necessary to measure the S-ses in the headspace

durIng the drying process.

"Yersar will determine the recoveries of some important

compounds with the trapping and analysis syttem proposed here. A weighed

aasaount of a compound of interest will be spiked into the reaction flask

,4R
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in the absence of any other materials. The system will then be heated,

purged and analyzed as usual. Comparison of the amount added with the

mount rored will indicate the effgctiveness of the analytical

system. Acrolein and acrylonitrlle will definitely be subjected to this

procedure. The review of the materials used in the unit may point out

other coounds for which recoveries should be tested.

Every expermnt will contain a isotopically labeled internal f

standard or surrogate cmpund, It is expected that the recoveries of

these standards will be somewhat incoAsistent because a portion of the

internal standard will adsorb to the material being tested. The extent

of sorption will depend on the nature of the material and the surface

are& of the material. Since these will not be the sae for all of the

materials, the recoveries will change. The presence of the internal

standard will, however, detect any gross malfunctions in the analytical

system and it will provide a retention time standard for the GC/MS U
analysis.

2.5.2 High Temperature Experiments

The high teerature experiment will simulate the accidental

contact of one of the organic materials with the heating rods. In order

to do this, the material will be placed in contact with a metal surface.

The surface will then be heated up to a maximum temperature of 1200'F.

Versar will construct a metal heating apparatus which is similar to the

heating rods used and which can be heated in a reproducible fashion.

During the heating ultrapure air at atmospheric pressure will be passed

over tne material. The air will be passed through a trap of Porapak R

held at -7d*C (using dry ice). Two chromatographic columns will be used

for GCAAS analysis. For the very volatile compounds a column containing

Porapak R or a suitable substitute will be used. For the less volatile

compounds a fused silica capillary column coated with either OV-1 or

SE-54. Other authors have successfully used siailar trapping and

4,



analytical conditions to study pyrolysis and cobustion products of

polymers. I Vrsar will run some preliminary tests to choose the
Sanalytical col mns.

Approximately ton Wi;rlals will be . eted using this

technique. The information obtained from the manufacturr.-s and the
. I I tary specifications will k.* used to choose the materials. Sam

mterials that '4111 likely be included are:

- acrylonitrile-vinyl chloride black foam
- tape sealant (sticky black material)
- heater gromet (teflon or silicone bushing on heating rods)
- electric motor paint
- plastic cover on motor harness (cable)

plastic sleeve on air temperature sensor probe wire.

* - The configuration of the heating system is a critical variable

in these experiments. It should conform as closely as possible to the
conditions that may occur In an operating unit. The literature on

pyrolysis of polymers shows that the products of pyrolysis will be
3dramatically different if oxygen is excluded from the system. Another

imortant variable is the length of tim a compound spends I n the hot

* zone. If the products of thermal degradation diffuse quickly from the

* hot surface to a cooler zone, any further reactions will be quenched.

-. If, however, the compounds spend more J•han 0.5 seconds in tha hot zone

0 (1200F in this case), extensive rearrangemnts can take place. This

will favor the production of aromatic compounds. In the case of a
mechanical failure or a manufacturing error in the units it is possible

"that bo•t cases of the above conditions could apply. If a piece of

material is in contact with a heating rod, the products from the s*ction
toward the edge of the point of centact would he exposed to oxygen and

they could diffuse quickly away frou the hot zone. It is likely,

tnerefore, that different products will result from the center of the

point of contact than from the edge of the point of contact. The

experimental conoitions will be chosen to produce both conditions in one

experiment.

J,-7
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The available literature indicates that a number of irritants and

toxicants will be produced during the pyrolysis and combustion of these
uateri&ls. 1 . 4  The information obtained from the high temperature '
degradation study will reveal any materials which are particularly
unsuitable for this application. The experiments will also provide
fingerprints of the degradation products of the various polymers. The
information obtained here may be helpful in interpreting the data
collected from the sampling of the CMG (Task 2).

2.6 Schedule and Milestone Bates

Elmnt Date ktion/Coment

Plan Friday, July 30, 1962, COO - Send Draft of Plan
Development

Mnday, Aug. 2, 1982, A.M. - Plan Received by All
Reviews

Jenesday, Aug. 4, 1962, COS - Yerbal Sumary of
Coments to Versar
(Ronan or Richards)

Friday, Aug. 6, 1982, COO - 4ritten Summary of
Camments to Versar
cc to MERA)CQ4

TASK 1

Preliminary Wednesday July 28, 1982, Preliminary Chemical
Che-lcal 8:30 A.M. Investigation to Get
Review Major Materials r•-dered

(Carter/Sherfy)

Information Thursday, July 29, 1982, - Collect M1i Specification ,
CoI ection 8:30 A.A. and k-gin to Order ýajor

Materials
- Begin Library Efforts ,
- Begin Laboratory Prep4ra- "

tion

j4 *
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Major Review Monday, Aug. 9, 1982, - Investigation Team
8:30 A. X. Begins work at VSE

of PATRIOT SN #8ul160
(Continues until
Complete)

Lab 4ork Monday, Aug. 9, 1982 - Laboratory Thermal
Begins Studies Begin

(Nominal Date-4ork
Effort to Begin ASAP)

Draft Report Friday. Sept. 10, 1982 - Draft Report from
COB Versar Su•mitted to VSE

Coments Wednesday, Sept. 15, 1982 - All Comments Review
Cos Versar

Final Report Friday, Sept. 17, 1982 - Final Report Ready for
co8 Di stri buti on

Review dednesday, Sept. 29, 1982, - Review Meeting VSE
8:30 A.M.

l4
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3. TASK 2 - RECOOKUEOATIONS 3, 4, and 5 5
3.1 Summary of Target Parameters

Versar along with the U.S. Auy Environmental Hygiene Agency

(U.S. AEHA) and Raytheon/Skinner & Sherman developed a test plan dated

June 11, 1982 to monitor four PATRIOT Heater/Air Conditioners to monitor

potential irritants released by the unit to the air during the high heat

operational mode. This test plan presented target parameters along with

sampling and analytical methodologies. The final approach to sampling

and analysis received concurrence by all members of the Test Plan

Oevelopment Coordination Team as assembled on June 11. 1982. The target £
parameters selected were:

- Acroletin
- Aromatics (less than 120 molecular weight)
- General Broad spectrum organic analysis
- fdrogen cyanide I1
- Formaldehyde/acrolein

All testing conducted during late June and July on the PATRIOT
Heater! Air Conditioner units was performed for the target parameters

above.

For the development of this Test Plan to collect air samples in

the CRG shelter with PATRIOT Heater/Air Conditioner installed, the

coordination team has reviewed the 'previous analytical results for the
target, parameters and have, made several recomwendations to be

incorporated into the sampling and analysis test plan.

The first reco ndation for the target parameter list was to

collect samples for all of origiral target parameters. Modification in

sampling and analytical methodologies may be made to further ensure

representative samples are being collected.

The second recommendation was to include the general class of

compounds called imines/polyamines as recommiended target parameters.

There was concern by members of the coordination team, that amines may be

J-10 7.
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present in components near the heater box area and may be out-gassed when

expoced to heat. Therefore, sampling and analysis of this general class

of compounds has been included in the new test plan. F
The final recommendation by the coordination team to expand the

target parameter list, was the addition of in situ monitoring for carbon

monoxide and carbon dioxide gases. These gases will be monitoried during

testing of other target parameters using EPA, APHA, and NIOSH approved

methodologies. The concern for the inclusion of these target parameters

is that previous incidents in similar type of shelters have shown that

the resultant problems were probably caused by high levels of either

carbon monoxide or carbon dioxide.

With the incorporation of these additional targets into this

test plan for the CRG sampling, it is felt by the concensus team that all

chemical parameters of concern will be sampled and found if present. The

following sections present the sampling plan, and analytical methods 'for
each target parameter as performed by Versar, Skinner & Sherman and U.S.
AEHA. In radition, Yersar's approach to perform the method validation

study of NIOSH P&CA 211 for acrolein, and schedule for accomplishing

this plan. Taken toyether these actions cover Recommendations 3, 4 and 5

stated in Table 2.

3.2 Sampling

All sampling procedures will be either recommended or approved

EPA, NIOSH, or APHA methods for the target parameters of interest. Air

samples will be collected for the following chemical constituents and

general groups:

- Acrol el n
- Aromatics (less than 120 nolecular weight)
- General organics (broad spectrum analysis)
- Formaldehyde/acrolein
- Hydrogen Cyanide
- Armines and polyamines
- Carbon monoxide and carbon dioxide gas

J-1,:
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During previous discussions for the planning of sampling

activities to be conducted at VSE on the four PATRIOT Heater/Air
Conditioners, agreement was reach among YSE, Versar, U.S. AEHA, Raytheon
and Skinner & Sherman as to the most appropriate sampling media to
collect the target parameters on originally identified in the June 11,
1982 test plan. The target parameters and sampling medium for each, as

originally agreed upon are presented below:

- Acrolein - Tenax trap colle4. to 70F
- Aromatics and General Or-ganics - Activated charcoal trap

cooled to 70F.
- Hydrogen cyanide - O.lM MaOH impinger solution.
- Formaldehyde/acrolein - 1% sodium bisulfite impinger

solution.

In addition, the following paremters were recouended at the July 21,
1982 meeting by the various organizations involved in the development of
this test plan. These new target parameters and their respective medium
are

- Amines and polyamines - acidified isopropanol mixture.
- Carbon monoxide - continuous direct measuring CO air monitor.
- Carbon dioxide - long-term dosimeter tube.

All of the above procedures will be reviewed by YSE, Versar,
U.S. AEHA, Raytheon/Skinner & Sherman to ensure their applicability to
efficiently collect the target oarameters. If changes are recor.mmended,
they will be reviewed and corsidered for incorporation into the final

test plan.

The sampling will be conducted on the CRG shelter in 4hite
Sands, New i4exico, during the week of August 23, 1982. The sampling
excursion will be conducted in three phases over a 2-4 day period. Phase
one will consist of a complete inspection of the CRG, the PATRIOT
Heater/Air Conditioner, and a visual inspection of all components of the
shelter. This complete Inspection will document existing conditions
before actual testing in the high heat mode. The second phase, will be
testing for a 2- to 4-hour period to determine if irritants are present

J-11
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shelter operating pdrameters (i.e., during the air conditioning mode).

The third phase will be testing of the CRG shelter with the PATRIOT

dedter/Air Conditioners in the high heat mode. These tests will be

conducted over a 4-hour period. Each sample set '*11 be of a one-hour

duration.

Versar proposed to draw air thruugh the various sampling media

at the rates presented below:

- Porapak" - 300 - 500 .l/minute; total sample 30-1O liters
- Tenax Traps - 300 - 500 ml/minute; total sample 30-W. !iters
- Charcoal Traps - 500 - 1000 O•/minute; total sample 30-60

liters
- 0.1 MOH- 1000 ml/Minute;total sample 60 liters
- l WaHS0 3  1000 al/minute; total sample 60 liters
- Acidified isopropanol - 1000 al/minute; total sample 60

liters

The sampl ing rates for the various media are thos recomended either by

NIOSH, or agreed upon by all the test plan participants. The sampling

design and summary of sample numbers are presented In Table 3.

Triplicate samples will be taken for all Tenax, "Porapak" and charcoal

traps for submission of a complete sample set to both U.S. AEA and

Skinner 3 &Seraan for analysis as required. Uuplicate acrolein samples

collected in the lZ 90aSO3 solution will be collected for analysis by

Skinner A Sherman. Va samples to b-a taken will completely characterize

the exhaust air of the PATRIOT Heater/Air Conditioner, the air found in

the CRG shelter during each hour of testing, and establish a baseline for

ambient conditions in the CRG shelter. Samples to determine make-up air

will be collected for acrolein and general organics only.

3.3 Analysis by Target Parameter - Versar

Organics analysis will be performed by GC/KS and GC/FI0
dnalysis. The following jeneral requirements for the GCiMS or GC/FIO

calibration and quantitation are specified for all analysis to be

performed. The ýuiJeline protocols to be used for these ana lyses are

J-13
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TABLE 3

SAMPLING OESIGN FOR AIR SAMPLES COLLECTED IN THE
CRC SHUTER EQUIPPED WITH THE PATRIOT

HEATERIAIR CONDITIONHER

Shel er Make-Up Blanks Recovery Hourly 4-Hour

Ai r Air FieT ab Spike Summary Sumar

Hours 1,2,3, & 4

Recovery Spike .... .. .. 3* 3* 3

Tenax Tubes 3** 3** 3** 3** -- 12 48

"Porapak" 3** 3* 3* 3* -- 12 48

Charcoal Tubes 3** 3** 3 3** -- 12 48

0.1 M NaOH 1 1 1 .. .. 3 12

% NaHSO 3  2+ 2+ 2+ - -- 6 24

Isopropanol 1 1 1 .. .. 3 12

CUl21 . - -- 1 4

TOTAL SAMPLES 52 201

* A recovery spike on Tenax will be prepared by Versar and submitted
to U.S. AEHA and Raytheon/Skinner & Sherman as well as Versar for
analytical analysis.

** Duplicate samples and blank traps will be collected and submitted to
U.S. AEHA and Raytheon/Skinner & Sherman.

+ Duplicate 11 NaHSU3 (sodium bisulfite) impinger samples and field
blanks will be collected and submitted to Raytheon/Skinner & Sherman
for analysis of acrolein using NIOSH P&C•M 211 methodology.

++ Carbon monoxide (CO) will be monitored continuously and carton
dioxide will be ,aonitored using a dosimeter.

Th-Y



I

19

those established by NIOSH and EPA. The protocols are: EPA Methods 624

and 625 published in the Federal Register/Vol. 44, No. 233/Proposed Rules;

and Method 127, "Organic Solventsm, published in the NIOSH Manual of

Analytical Methods, Second Edition, Yol. 1, April 1977. All Tenax and
Porapak traps will be spiked with surrogate compound to assure and define

accuracy of performance.

GC/US calibration requirements will be those of EPA Method

.7" 624/625 and ion abundance criteria for either bromofluorobenzene (BFB) or

decafluorotriphenyl phosphine (DFTPP) listed in Table 4. Quantitation

will be performed from 3-point curve standard calibrations from standards

spiked onto blank Tenax or charcoal traps and analyzed by the same
technique as samples. The mass spectrometer will be set to scan from 20

amu to 450 amu at 0.75 second per scan.

3.3.1 Acrolein

3.3.1.1 1% NaHS0 3 Impinger Solutions

Acrolein sampfes will be collected following NIOSH Method No.
P&CAu 211 using two iidget impingers containing approximately 15 ul of

solution which is cooled to 4% (this is the same solution used for
formaldehyde). The solution will be 1% NaHSO 3. This methodology will
be validated and detections limits established as described in Section 6
of this plan. Analysis will be performed on site to assure no loss by

remaining in the solution too long.

3.3.1.2 Sorption Studies

Because of the zero recoviry of acrolein from both method
studies in the July 16, 1982 PATRIOT Report, it has been decided to study

the use of Porapak N or R, or Tenax/Ambesorb sorbent traps for acrolein
analysis. A spike recovery study will be done in the laboratory under

conditions which emulate the expected conditions in the CRG. Analysis
will be performed by GC/MS using a 6 foot 0hromosorb 101 GC column under

U.:
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TABLE 4

GC/MS PEWOWNCE STANDARD REQUIREMENTS
Brc.ofluorobenzene (BFB) 20 ng

Method 624

u/e Ion Abundance Cr1teria

50 15-40a of mass 95
75 30-601 of mass 95
95 base peak, 1001 relative abundance
96 5-91 relative abundance

173 less than 1% of mass 95
174 greater than 50, of mass 95
175 5-9% of mass 174
176 greater than 50% of mass 95
177 5-91 of mass 176

OECAFLUOROTRIPHENYL PHOSPHINE (DFTPP) 50 ng
Method 625

rM/e Ion Abundance Criteria

51 30-60% of mass 198
68 less than 2, of mass 69
70 less than 2% of mass 69

1 27 40-60% of mass 1 98
197 less than 1% of mass 198
198 base peak, 100% relative abundance
199 5-9% of mass 198
275 10-301 of mass 198
365 1% of mass 198
441 less than mass 198
442 greater than 40% of mass 198
443 17-23% of mass 442

SJ "
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instrumental conditions to be determined in the spiking studies defined
above. The surrogate spikes to be used on the final tubes will be

acrylonitrile 03.

3.3.2 Aromatics

Aromatics will be sorbed on Tenax traps, "Porapak" traps, and
charcoal traps. The Tenax and "Porapak" traps will be prepared by Versar

* and blanks will be supplied to participating laboratories to validate
background (12 hr at 250C with 5 ml/mmn 99.999% He). The charcoal tubes

will be on NIOSH standard commercial tubes supplied by SKC Inc.

following collection at reduced temperatures they will be preserved at

4C in Individually sealed test tubes prior to analsysi.

"Analysis of the Tenax and "Porapak" traps will be by flash

heating each tube (170C for 5 min for Tenax). The effluent of each trap
is injected onto the head of a 6 foot x 2 mm ID glass Chroiosorb 101 GC
column with a carrier flow rate of Heliua at 30 m1/mun. These conditions

as based on Tenax trap experience and similar conditions will be
developed for the "Porapak" traps. Retention times and other
instrumental specific information is defined in the July 16, 1982 PPTRIOT
Report. The surrogate spike to be used for arocatics is chlorobenzene 04.

Analysis of charcoal tubes will be by GC/FID (with GC/MS for

all confirmation) analysis using a 20 foot l/8* stainless steel col,,mm
packed with 10% SP-1(00 on 80/100 mesh Suplecoport. The oven will be
"prepared to hold 100C for two minutes following injection and is

progranied to 27UOC at 8"C per minute. The elevated final temperatures
is used to chromatograph the phthalate esters targeted for analysis. The
GC/MS confirmation will be performed by injection onto a 60 meter SE 54

fused silica capillary column. * The sample is injected onto the head of
the column at 45C and then programmed to 275C at 1OC/min. The
condition for analysis are presented in the July 16, 1982 PATRIOT Report.

SdJ-)7}
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3.3.3 General Organics

General organics will be determined sinultaneously with the
aromatics as this class of organics is trapped and desorbed from Tenax,

S"Porapak" and charcoal. The surrogate comupou ds to be used for general
organic spiking are Naphthalene D8, Chyrsene 012.

3.3.4 Formaldehyde

Formaldehyde will be collected following NIOSH Method No. PICAM
125. A total of 60 liters of air will be drawn through two midget
impingers containing approximately 15 ml of 11 l aHSO3 solution, cooled
to 4C. This solution is also used for acrolein. The standard
colorlmetric procedure will be followed.

3.3.5 Cyanide

Cyanide as hydrogen cyanide will be collected following NIOSH
Method No. P&CAM 116 using midget impingers containing 10-15 ml of 0.1 M
sodium hydroxide (NaOH). Air will be drawn through the iopinger at a
rate of 1 liter per minute for 60 minutes. The control and samples will
be stored in a refrigerator overnight at 4C and allowed to equilibrate
to room temperature prior to analysis. The Orion meter will be
calibrated to standard reference material using a cyanide specific

electrode.

3.3.6 mines in Air

Primary and secondary amines in air can be determined with APHA
"Method 124. Tentative method of Analysis for Primary and Secondary
Amines in the Atmosphere (Ninhydrin Method). mines in the atmosphere
are collected in an impinger solution of acidified isopropanol. The
aosorbing solution is reacted with ninhydrin (1,2,3,-Trlketohydrindene).
Prionary and secondary aiInes produce a purple complex whose absorbance is
read at 575 nm and compared to a calibration curve prepared frorn

J-/
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3 n-butylamine standards. The concentration of mine in the original air

simple is expressed as mg/r3 n-butylamine vapor when the mine identity
is unknown. When using 10 .1 of absorbing solution, a 30 liter air

3sample will provide a limit of detection equivalent to 1.3 mg/3 of

butylamine vapor. The mine hydrochloride impinger solution is stable

over a period of three weeks after collection. Some minoacids are

reported to interfere. Tertiary amitnes do not react with ninhydrin.

Primary Ainne R-9HI .e., aethylmine CH3NK2
Secondary mine R2-N i i.e., dimethylamine (Ch3 ) 2NH
Tertiary Amine R3-N i.e., trtmetiylaalne (CH3 )3N

3.3.7 Carbon Monoxide - Carbon Dioxide

The carbon monoxide, (CO) concentration in the CRG will be

continuously monitored during sampling in situ, requiring no laboratory

analysis. A Dasibi Model 3003 CO Portable Analyzer will be used to

record CO concentrations in the CRG shelter during testing. activities.
"This instrument employs the gas filter correlation technique (EPA
Reference Designation go. RFCA-0381-01) to detect CO in the range of 0

to 50 pp.. The TLY is 50 pp. for CO, however, since the CO analyzer
provides an instantaneous measurement levels of CO should not exceed the
capability of the analyzer. The analog output of the analyzer will be
recorded continuously on a strip chart recorder providing a per.ianent

record.

"The concentration of CO2 will be evaluated by using long term,
dosimeter detection tubes (color detector tubes) over the 4-hour sampling
period. These tubes are direct-reading method and will provide a result

after 4-hours. This method will not quantify the CO2 concentration

A. with a high degree of accuracy, however, it will indicate whether the
CO2 concentration reaches a potentially hazardous level and is a NIOSH

approved method to determine exposure levels.

4.I
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3.4 Analysis by Target Parameters - Skinner & Sherman I
Raytheon/Skinner & Sherman should list which

paramers they plan to analyse and methods

details similar to Section 3 above for

inclusion in final plan. I

IN.1
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1 3.5 Analysis by Target Parameters - U.I. AENA

U.s. AEHA should list parameters they plan to
analyse and method details similar to Section

3 above for inclusion in final report. The
current work load of U.S. AEHA precludes

major effort at this time only samples that
show positive results are to be confimed by

U.S. AEHA.

C-
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3.6 ValIdation of NIOSH Method PACAM 211 - Acrolein in Air I
To determine the concentration of acroluin in an atmosphere the

standard NIOSH Method PMAN 211 is used. Air is drawn through two midget
impingers containing 1% sodim bisulfite (NaHSO3 ) which will trap the
acrolein. Acrolein is determined colorimetrically after reaction with I
4-hexylresorcinol In an alcoholic trichloroacetic acid, solvent mditum in
the presence of mercury chloride. The absorbance of the blue colored
product, having a strong absorption mnuimum at 605 m1, is read in a
spectrophotometer. The performance of the NIOSH method with respect to
detection limit and efficiency of sorption of acrolein will be
investigated.

NIOSH reports that 0.01 pp. of acrolein can be determined in a 50
liter air sample. To establish the lowest concentration of acrolein
which may be distinguished from zero, a series of measurements of a
standard acrolein solution, the concentration of whicn is distinctly
above, but close to the blank abosrbance, must be run. The detection
limit will be defined as the concentration of acrolein which would yield
an absorbance equal to twice the standard deviation of the measurements
of the dilute acrolein standard solution. Absorbances from seven
replicates of a I to 2 microgram standard acrolein soluticn is sufficient
to calculate the detection limit.

Efficiency of collection of acrolein is reported to be approximately
95% when two impingers are used in series. The NIOSH procedure suggests

an air sampling rate of 2 liters/rin for a duration of one hours. To
determine if acrolein is stripped fraom the 1% HaHS0 3  impinger

solutions, 10 replicate solutions will be spiked with acrolein at 2.5x
and 5x and lOx the detection limit. Five solutions at each spike level

will be sparged with air for 60 minutes at a rate of 2 liters/min. The
remaining five solutions at each spike level will not be sparged and will

~~~ 7--7 -.- * * .
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serve as controls. Colorletric analysis of each impinger solution will

show if losses occured during sampling. A similar, but smaller, scheme

will be performed to duplicate Versar's sampling technfique where air is

sampled at a rate of 1 1 Iter/min for a duration of 60 minutes through two

midget impingers.

By statistically determining the method detection limit and

examining the stripping potential associated with the collection method.
S~Statements concerning the validity of NIOSH Method P&CMq 211 - Acroletn

in Air can be made.

3.7 Schedule and Milestone Bates

El ement Date Action

" Plan Friday, July 30, 1982, COB - Send Draft of Plan
Development

Mondayi Aug. 2, 1982, A.M. - Plan Received by All
Reviews

Wednesday, Aug. 4, 1982, C08 - Verbal Summary of
Comments to Versar
(Ronan or Richards)

Friday, Aug. 6, 1982, COB -Written Summary of
Comments to Versarcc t~o MERJWCOM

"TASK 2

Order New 4ednesday, July 28, 1982 - Review all Required
Materials Material and Order

as Requi red

Methods Test Monday, Aug. 2, 1982 - Begin NIOSH 211
Validation

- Review and Prepare
"Other Methods as
Requi red

. Begin CRG Tuesday, Aug. 24, 1982 - Implenent Approved
Testing Plan - Do Field

Analysis

J-33I
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Ship Samples Thursday, Aug. 26, 1962 - Ship Saples to
Laboratori es

Begin Analysis Mionday, Aug. 30, 1982 - Begin Laboratory
Analysi s

Co;mplete Draft Friday, Sept. 17, 1982 - Draft Report from
Report all Labs to YSE

Coments ,ednesday, Sept. 22, 1982, - To Versar
Cos

Final Report Friday, Sept. 24, 1982, - Versar Compiles and
Cos d1istributas

Review Wednesday, Sept. 29, 1982, - Review Meeting VSE
8:30 A.M.

ISO

V.,

,%
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:• •t`• • •``. `• L`;;`;`••` .• ••``• • ••j•`••;• • ,,.S'q"



APPENOIX K

Test Data - Task I and Task 2

V?

*



2.0 TASK 1- REC= ATIONS 1 A 2 (Sumary)

The Investigative Team inspected two heater/air conditioner units
and noted design and manufacturing problems. The team also identified

materials in the units which could conceivably release irritants or toxic

materials when heated. One of the units inspected was missing a piece of
reflective aluminum intended to protect the insulating foam from high

heat. The investigative team concurred that this was a serious omission

and that quality control procedures should be tightened so this can be
prevented in the future.

The temperatures attained in various areas of the heater box were

measured under a variety of conditions. The maximum temperature measured

on any surface in the unit was 246"F.

A number of materials used in the units was heated and tested for

the presence of outgassing products. At normal operating temperatures,
only 4. materials released any compu•onds of concern. The adhesive

released toluene, and the insulating foam released carbonyl sulfide,

carbon disulfide and benzene. The quantities of products released will

probably not be hazardous at normal operating temperatures.

Tc materials (tubing and fo~m) were tested for outgassing products
at temperatures significantly higher than the worst case temperature

agreed to by the Investigative Team (i.e., 340"F rather than 280"F).

These tests were untaken to simulate possible outgassing effects if major
overheating occurred, as was apparent in the first units tested at Fort

Bliss, Texas (see Section 2.3.4). The quantities of compound released
from the foam at 340"F could pose a hazard to personnel in the CRG.

2.1 Results of Investigative Team

The members of the Investigative Team (Table 2-1) met at VSE

Corp. on August 9, 1982 to inspect one of the PATRIOT Heater/Air
Conditioners. Two units were non-destructively disassembled, and the

2-1
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TABLE 2-1

INVESTIGATIVE E FOR RIRTANT TESTISG
OF PATRIOT HEATER/AIR COhIITICNERS

METING OF AUGUST 9, 1982

NAME ORGANIZATION 5
F. Good MERADCOM

R. Ronan VERSAR

C. Carter VERSAR 3
0. Topping, Jr. VERSAR

S. Powers VERSAR

A. Granese RAYTHEON

H. Dal zel 1 SKINNER & SNERMAN4 U
G. Esposito AENA

MaJ. C. Moore AEJA

G. Sams VSE

R. Adolph VSE

B. Caldwell VSE

2-2
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Investigative Team looked for design and manufacturing flaws. The team

noted the materials inside the units which could conceivably release

irritants or toxic compounds when heated.

2.1.1 Physical Review

A preliminary inspection of a Heater/Air Conditioner unit (SN

81015) by Bob Sherfy (YSE) and Charles Carter (Versar) on August 4, 1982

identified a number of organic based materials. A list of these

materials was presented to the Investigative Team as an aid in the

inspection. This list is presented in Table 2-2. After the inspection

on August 9, 1982, the Investigative Team decided to narrow the mnaterials
tests to include only five materials which, due to the amounts used in

the units and the proximity of the materials to the heating rods, seemed

to warrant special concern. These five materials were:

1. Black insulating foam
2. Thermal bulb Insulation tape
3. Adhesive for foam
4. Sealer for condensate trap
5. Tubing for condensate drain.

In the process of the inspection of the two Heater/Air

Conditioner units the Investigative Team noted that a piece of reflective

aluminum shielding was missing from unit SN 801160. This left the black

insulating foam on the side of the heating rods uncovered. Since the

aluminum is intended to protect the insulation from directly heating by

the heating rods, this manufacturing flaw could result in the foam

reaching unusually high temperatures.

'4; .A number of thermocouples were placed in unit SN 801160 to

measure the temperatures attained at various locations in the unit under

"normal operating conditions. The first test was performed on August 9,

1982. Unfortunately the electrical connections were not made correctly

so the heaters were not heating under full power, and the experiment was

2-3
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TABLE 2-2

LIST OF PARTS AND COWPONE1TS

Tubing, pn. 59
dn. 13218E0001-290

Type IV, clear, class 6, general use, MIL ZZ-T-831
Appears to be Tygon 3603

Terminal Quick Disconnect, pn. 11
dn. 13207-E5347-1

Mfg. pn. RA257, Thomas and Betts Corp., Raitan, N.J. 08869
Insulation Sleeve is PVC

Heater-Grommet, pn. 60
dn. 13219E2889

TFE MIL L-P-403, Type and class optional

Top Cover, pn. 17
* dn. 13219E9481

,Adhesive for insulation and gaskets meets MIL P-15280*
Adhesive sealant (silver polymer on corners) is Silicone RTY
type I, MIL A-46106

Insulation, EMI gasketing and non-EMI gasketing, see below

Insulation, pn.
dn.

Form S, Plastic Material Unicellular sheet 1/2 or 1/4 inch.
Exposed surface must have skin, inside surface may have skin.

*. Material meets MIL P-15280
Rubatex Corp. R-1800-FS

Electromagnetic Interference (EMI) gasketing pn. 4,10,11,12
dn. 13219E9568-1

Silicone Sponge elastomer, no adhesive on back
Metex Corp., Edison, N.J. 08817F Non EMI gasketing pn. 5,6,8,9

dn. 13219E9528
PVC resin foam, high tack synthetic adhesive on one side,
Norton Co., Tape Division and Sealant Operation, Grainville,

14e N.Y. 12832
Specifications state that it is stable to 180"F

2-4



Table 2-2 (Continued)

Heating Elements, pn. 57
dn. 13219E9554-1

P Crimp type terminals meet MIL-T-7928
Specifications state that leads should be manganese nickel with
asbestos Insulation. Insulation on unit SN 81015 appeared to

R be plastic material
Electrical leads sealed with Silicon Seal, GE Dry Film 88 air
drying varnish

Chromalox rods manufactured by Wiegand, E.L., Div of Emerson
Electronics, Pittsburgh, PA 15208, (Rn 1041, 4 Allegheny
Center 412-323-3900)

Specifications call for glass sleeving insulation

Motor, pn. 47
dn. 13221E9096

Bearings lubricated from -60 to +160"F
"Finish is MIL Std 186, finish #50.3
Class H insulation defined per NEMA std. MG-1
Varnish on motor windings MIL Y-173 containing copper
8-quinolate

IMC Magnetics Corp., Eastern Div., Westbury, Long Island, N.Y.
11591 516-334-7070, mfg pn. PN-BT-5315

Air Temperature Sensor Prebe
dn.

Lead wire fiberglass Insulated, lead wire guard is teflon
Fenwal Inc., Water Kidde and Co. Ashland, MA 01721
617-881-2000, mfg pn. 28-250706-304

Male disconnect splice
dn.

Vinyl sleeve, Thomas and Betts, Elizabeth, N.J.
mfg pn. RB-14-250

Housing, Evaporator Section
dn.

Sealer, pn. 62, dn 13211E3465
6 Adhesive, pn. 61, meets MIL P-15280*

Adhesive, pn. 60, Silicone RTV, meets MIL-A-46106

2-5



IWrsarm

TABLE 2-2 (Continued)

Thenmal Bulb Insulation, pn.
dn. 13219E9543

Insulation tape (gummy black material) Synthetic rubber-refined
asphalt filled with virgin cork and inert fillers. Temp range
from -20 to +158*F continuous, +200F for one hour

Inmont Corp., 1218 Central Industrial, St. Louis, MO. 63166

Over Temperature Switch pn. 55
dn. 13216E6224

Plastic housing, Therm-O-Disc Inc., 1320 S. Main St.,, Mansfield,
OH 44907, mfg pn. HLAS4947

Notes: pn. is part number from drawings of unit
dn. is the drawing number of the particular part
The manufacturers listed above are only the suggested sources,
not necessarily the actual manufacturer for these units.

* This is apparently a typographical error in the drawings for
the Heater/Air Conditioners. MIL P-15280 describes plastic
materials, not adhesives. The adhesive used is Scotch Green
Adhesive, 4518, according to George Slsk and David Groves of
Keco Industries.

2-6
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aborted. The experiment was successfully conducted on August 11, 1982 by

C. Carter and D. Topping, Jr. (Versar), R. Sherfy and R. Adolf (YSE).
This experiment is described below.

2.1.2 Thermal Experiments

On August 11, 1982 experiments were performed to determine the

typical operating temperatures attained in various locations inside the
PATRIOT Heater/Air Conditioners. Seventeen thermocouples were. placed in
one unit, and extensive measurents were taken under a variety of

conditions. Following this experiment four themocouples were placed in

a second unit, and this unit was tested under two operating conditions.

First Unit

The serial number of this unit was SN 801185. The shipping
date was November 1981. For the purposes of this discussion the front of

the unit is that side which faces the front of the CRG truck when it is
installed. The front bulkhead has a shield of reflective aluminum which

faces the heating elements. If one is standing at the back of the unit
the heating elements are situated on the back, toward the right side of
the unit. On unit SN 801185 the fresh air intake was on the left side

and the over-temperature switch was on the right side (closest to the
heating elements). The locations of the seventeen thermocouples in unit
"SN 801185 are described below. The thermocouples were fastened to the
unit with epoxy except where noted. This resulted in the measurement of
an actual surface temperature as opposed to an air measurement very near

the surface.

Placement of Thermocouples
• , • •,ut~'- --I••--.-

.•.l ..... t 1. Placed six inches above the unit. No epoxy.

2. Intake air. Bank of four sensors placed across both intake
ducts; three thermocouples in each. No epoxy.

2-7



3. Exit air. Bank of six sensors placed across both discharge
ducts; three thermocouples in each. No epoxy.

/-4. Thermal bulb tape (insulation tape). Imbedded in the
thermal bulb tape, a few inches to the left side of the
heater. No epoxy.

5,6,7 A 8. Front bulkhead. Four thermocouples placed left to
right across the front bulkhead, attached to the reflective
aluminum, six to nine inches off the bottom of the unit, so
they were toward the top of the heating elements. This
location is farther away from the heater elements than the
bottom of the front bulkhead.

9. Front bulkhead. Attached to front bulkhead,' approximately
two inches from the bottom of the unit, directly in front
of the center of the heating elements.

10. lo aK. Attached to the motor at the closest point to the
heating elements.

"-11. Right wall front. Attached on the right side wall on the
reflective aluminum, six to nine inches from the bottom of
the unit, near the front corner.

12. Right wall. Attached on the right side wall on the
reflective aluminum, directly to the right of the heating
elements. Approximately two Inches from the bottom of the
unit.

'13. Right wall front. Attached to the right side wall near the
front corner. Approximately two inches from the bottom of
the unit.

', 14. Front wall. On the front wall near the right corner on the
cut out for the Riv nut. The cut out on this unit was
extremely small, so the epoxy holding the thermocouple in
place completely covered the insulation. In other units a
substantial area of black insulation is exposed.
Approximately two inches from the bottom of the unit.

7.-15. Heating element. Attached to heating element which glowed
the least during heating (all elements glowed visibly).
Thermocouple was not attached with epoxy. Actual
measurement is an air measurement very close to the
surface. This is true for points 16 and 17 also.

y-16. Heating element. Attached to heating element which glowed
typically during heating. See point 15.

AI-?
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49ý- Heating element. Attached to a heating element whichS• glowed the most during heating. See point 15.

Three different heating configurations were tested. The fi rst

was the high heat mode with all controls bypassed. In this configuration

all 15 heater elements in the unit were running at full power at all

times. The second configuration was the normal high heat mode with the
thermostat and the over-temperature switch operational. 'The thermostat
was turned to the highest setting during this test. Neither the

VA
thermostat nor the over-temperatur2 switch had any effect during this
test, so the test was essentially identical to the first. In the third

configuration the right side exit air duct was blocked. Within two
minutes of the time when the exit air was blocked the over-temperature
switch turned off a number of the heating elements (either 6 or 9). The

heating elements which were turned off cooled down rapidly, while the
remaining heating elements glow-d brighter and apparently increased their

temperature. The temperature at each of the 17 thermocouple locations
was recorded for each test for about 30 minutes. The data are presented

in Tables 2-3 and 2-4.

Second Unit

The serial number of the second unit was SN 801198, and the

shipping date was January 1982. This unit was selected because it has a
larger cut out around the Riv nut than the unit used for the first test.

In unit SM 801198 (used for the second test) approximately 1/2 inches of
, black insulating foam was exposed around the cut out. This unit, like

the unit used for the first test, had the fresh air intake on the left
side, and the fresh air intake was open during the test. Four

configurations were tested on this unit:

1. Normal high heat mode.

2. Normal high heat mode with 501. of the intake blocked with
paper strips. The strips were placed vertically on the
intake to evenly block the intake air across the init.

2-9
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TABLE 2-3

THEN 0P1LE TIMPERATURE vs. TIME
HIGH HEAT NOCE, ALL CNTROLS BYPASSED, IN DEGREES FAHRENHEIT

"COSFIQIRATION I

UNIT SN 801185

Start: 1032 hours, 202 volts, 8650 watts throughout experiment

Time: 1040 Hr 1049 Hr 1103 Hr* 1117 Hr

Location:

1. 77 78 76 79

2. 74 74 75 76
3. 110 111 112 113
4. 107 117 122 122
5. 155 157 156 157 Q

6. 180 182 179 180
7. 194 197 193 194
8. 190 192 188 188
9. 215 217 214 216

10. 97 91 94 96
11. 176 177 173 172
12. 158 160 157 156
13. 195 197 191 189
14. 186 189 188 187
15. 744 744 739 738
16. 761 760 735 740

17. 850 850 824 817

* T1ghtened top.

2-10
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TABLE 2-4

I THEROCOUPLE T1EPRATURE vs. TIME

HIGH HEAT MODE, WITH NORMAL CONTROLS, IN DEGREES FAHRENHEIT
CONFIGURATIONS 2 A 3

UNIT SN 801185

Start, 1200 hours, 202 volts, 8650 watts

Time: 1210 Hr 1220 Hr 1230 Hr 1240 Hr 1258 Hr* 1310 Hr

"Location:
-. 78 79 78 77 77 75

2., 74 74 74 74 75 74

3. 111 112 112 112 109 108

4. 109 117 120 121 113 111

5. 153 154 155 155 134 133

- 6. 176 177 178 178 152 152

7. 189 190 191 191 162 162

8. 184 185 186 185 155 155

9. 210 211 212 211 173 174

10. 96 99 99 100 98 97

11. 171 172 172 172 145 146

12. 155 157 157 156 136 136

13. 189 190 191 191 155 155

"14. 185 188 190 190 156 156

S15. 735 738 738 737 851 855

16. 738 741 740 743 185 186

17. 833 831 829 825 163 164
* Air flow blocked in right duct at 1245 hours. Over-temperature switch
kicked out at 1246 hours. Wattage dropped to 5700 and remained there for
the rest of the experiment.

2.11
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3. Normal high heat mode with the bottom half of the air intake
blocked. 14

4. Normal high heat mode with the top half of the intake

bl ocked.

The over-temperature switch did not turn off in any of these

configurations. R. Sherfy (VSE) stated that- blocking the intake would

reduce the flow through the unit significantly. -

The placement of the themocouples was as follows. Four

thermocouples were used in this test.

1. Front bulkhead. Approximately two inches from bottom, in
front of the center of the heating elements.

9. Right side wall on reflective aluminum. Approximately two
inches from bottom, near front corner right next to the cut
out for the Riv nut.

16. Front bulkhead in cut out for Riv nut. Thermocouple was
imbedded in the black insulatlng foam.

18. Front bulkhead. Approximately two inches from bottom,

toward left side of heating elements.

Thermocouples 1, 9, and 18 were attached with duct tape. Thermocouple 16

was imbedded in the black insulating foam. The results of the experiment

are presented in Table 2-5.

These experiments were intended to determine the likely maximum

temperatures at various locations in the PATRIOT Heater/Air
Conditioners. This information was used to choose maximum temperatures

for conducting outgassing experiments. The Investigative Team suggested

that the highest temperature used in the outgassing experiments should be

15% higher than the maximum observed in the thermal experiments.

The maximum temperature reached by the thermal bulb insulation

was 122*F. The specifications for the material indicate that it should
V.

2-12 -:
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T•BLE 2-5

THEDCOUPLE ,"EPERATURE vs. TI)E
HIGH HEAT WO)E, IN DEGREES FAHRENHEIT

UNIT SN 801198

Start, 1420 hours, 202 volts, 8650 watts.

Time: 1423 Hr 1433 1441 Hr 1446 Hr* 1452 Hr 1458 Hr**

Location:

1. 215 217 225 247 246 241

9. 194 209 211 206 206 213

16. 193 211 209 205 205 213

18. 175 183 185 193 194 190

Time: 1503 Hr 1508 Hr*** 1514 Hr

Location:

1. 244 211 210

9. 211 214 214

16. 211 208 208

18. 190 194 195

* Put paper strips over approximately 60% of intake at 1442 hours. One .1
8 1/2" x II" sheet torn in five strips. Strips laid vertically over
intake, evenly spaced.

** At 1453 hours the paper strips were moved to block the bottom half of
the intake.

*** At 1504 hours the paper strips were moved to block the top half of
the intake.

2-13
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be stable indefinitely at 158F and should be able to withstand

temperatures of 200"F for one hour.

The motor was tested on unit SN 801185. The maximum

temperature observed was 100F at the surface of the motor.

The surface of the reflective aluminum was tested in a number
of locations on unit SN 801185. The highest temperatures were observed

at location number' 9 directly in front of the center of the heaters.

This temperature was 217F. In the high heat mode with all of the

heaters running the coolest point on the reflective aluminum was at point
number 5. where the maximum temperature observed was 157"F. Most of the
other points ranged between 170"F and 200*F.

The temperatures of the reflective 1aluminum were substantially
higher in unit SN 801198, but this may be due largely to the placement of
the themocouples. The maximum temperature observed was 247"F, but this
depended strongly on the air flow characteristics in the unit. This
,Articular point (#1) was as low as 210F when the air flow patterns were

changed by partially blocking the return air intake.,

The only direct measurement of the black foam was done on unit
SN 801198. The temperature varied from 193*F to 213"F, again depending

on the air flow characteristics.

Based on the observations of the temperatures on the reflective
aluminum and the black foam, the maximum temperature used for the

outgassing experiments was 280'F. Experiments were also performed at

lower temperatures.

The tubing in the bottom of the unit toward the right side will

be exposed to temperatures which will probably be similar to those

measured at point 11 on unit SN 801185. The maximum temperature at this
point was 177"F. The temperature in this area of the unit depended
strongly on the air flow, so the tubing was tested at the same U
temperatures as the foam.

2-14
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The adhesive for the foam and the sealer were also tested at

the same temperatures as the foam. The adhesive holdi.g the reflective

aluminum to the foam will probably be exposed to these temperatures. The

portions of the adhesive holding the foam to the body of the unit will be

exposed to temperatures much less than this, probably closer to the

external temperature of the unit. The test may therefore be too extreme.

The temperatures in the other areas of the unit will probably

have a maximum temperature close to the temperature of the exit air.
This varies between about 110F and 140°F. It would be reasonable to

test these materials at 160"F.

The sampling team noted that the tygon tubing had partially

decomposed in unit SN 81013, due to excessive heat (see Section 3.2.2).
We therefore tested some of the materials at much higher temperatures

(3400F).

2.2 Material Acquisition

In the meeting of August 9, 1982 the Investigative Team decided

that it would be desirable to obtain samples of the materials used in the

air conditioners directly frrm the manufacturer. Versar contacted David

Groves of Keco Industries in order to do this. Keco agreed to supply
Versar with the materials which were requested. A list of the samples

supplied is presented in Table 2-6. Five of these materials were singled
out for special attention by the Investigative Team: the black foan, (1),

the thermal bulb insulation tape (2), the rubber adhesive which is used

to attach the reflective aluminum to the foam (4), the sealer (5), and

the tubing (10). A subsample of each of these materials was sent from
Versar to Skinner and Sherman. Each lab was to perform outgassing

experiments on the materials.

2.3 Outgassing Experiments

The outgassing experiments wAkre run in the following fashion.
A weighed sample was placed in a 10 m! Hypi-Vial (Pierce Chemical Co.,

2-15%2-I15.' •"
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TABLE 2-6 a
LIST OF SAMPLES SUPPLIED BY

KECO IND~USTRIES, INC.

Part tNmber Description

1. 13222E8984 - 1/2' Thick Plastic Unicellular Material
13221E9113 - Surface Skin on one or both sides.
13219E9481 - Per MIL-P-15280

- Supplier: Miami Valley Gasket Company
Focke Rubber Products Division
113-15 East Third Street
Dayton, Ohio 45402
Tel: (613) 228-0781

2. 13219E9543 - The mal Bulb Insulation Tape.
- Synthetic Rubber - Asphalt filled with

Virgin Cork and Asbestos.
- Supplier: Inmort Corporation

Prestite Products
3738 Chouteau Avenue
St. Louis, Missouri 63110

3. N/A - Adhesive Per MIL-A46106.
- Silicon RTUI
- Silicon/Rubber
- Aluminum Sealant-
- Supplier: Dow Coring.

4. N/A - Adhesive Rubber Per MMM-AI 617
- Scotch Grip Conrtact Cement.
- Green 4518
- Supplier: 3M Company

Adhesives, Coatings, Sealers
Division, 3720 South Venoy Road
Wayne, Michigan 45184

S. 13211E3465 - Sealer.
- Supplier7 3M Company

3M Center
St. Paul, Minnesota 55101

2-16
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TABLE 2-6 (Continued)

LIST OF SAMPLES SUPPLIED BY

KECO INDUSTRIES, INC.

Part Number Description

6 13219E9554-1 - Heating Element.!
- Drawing enclosed.
- Supplier: E. L.!Weigand

c/o Cromolox Sales
1132 West Kemper Road
"Cincinnati, Ohio 45240

7. 13219E9528 - Non-EMI Gasketing.
- PUC Resin Foam. i
- Supplier: Norton Corporation

Franville, New York 12832

8. 13219E9568-1 - EMI Gasketing.
- Silicon Sponge Elastomer.
- No Adhesive.
- Supplier: ME Tex Corporation

Eslison, New York 08817

9. 13219E2889 - Heater Grommet.
- Supplier: Midwest Precision

11297 Grooms Road
Blue Ash, Ohio 45242

10. 13218EO001-290 - Tubing.
- Type IV, Clear, Class 6.
- Per MIL-Z-Z-T-831.
- Supplier: Read Plastics

Address Unavailable.
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Rockford, IL.). The vial was sealed with a teflon-lined silicone septum
and an aluminum seal. The material inside the vial was therefore exposed

to air during the course of the experiment. The sealed vial was placed
inside an oven at a specified temperature for two hours. Immediately

4 upon removal from the oven the vial was connected to the front of a gas

chromatograph through a stainless steel fitting. The septum on the vial
was punctured and the vial was purged with air for four minutes at 10

AKml/mmn. This operation transferred the volatile compounds produced
during thermal decomposition to the analytical column. The column (12' x
1/8" Chromosorb 101) was then programmed from 40"C to 200C at 16"C/min

with a nitrogen flow of 40 ml/min. Under these conditions acrolein

eluted from the coiumn in about 10.5 minutes and toluene eluted from the
column in about 14.5 minutes. A number of the experiments were run in
both the presence and absence of an acrolein internal standard to verify
"that the vial did not leak and lose volatile compounds during the two
hour heating time.

The experiments were run first using flame ionization detection
"(FID). The FID screening identified those materials which produced a

significant quantity of outgassing products. These were then tested
using GC/MS. It was important to define what constitutes a "significantu

"N quantity of outgassing products. The criteria used to do this is

described in the next section.

The thermal destruction analysis of materials suggested in
Recommendation 1 (f) were not done. During the August 9, 1982 meeting

the Investigative Team determined that all materials would produce

chemical irritants in this experiment and no useful results would be
obtained. All agreed to drop these experiments.

2.3.1 Criteria for Screening Materials

The following assumptions were used to define what quantity of

outgassing products was significant.

-1
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1. The internal volume of the CRG is 14.4 m3 .

2. All of the material in the heater/air conditioner unit was
heated to the maximum experimental temperature.

3. All of the outgassing products are released at once, the
first time the unit is turned on the heating mode in the CRG.

4. There is no air exchange between the CRG and the ojtside
air. All outgassing products are diluted in only 14.4m•.

Using these assumptions a predicted maximum air concentration can be

calculated from the experimental data. For example, assume that the

experiments show that material A releases 1 mg of a contaminant per gram

of material A when it is heated to 280"F. If there are 100 grams of

material A in the heater/air conditioner, the predicted maximum air

concentration would be 6.9 mg/m 3.

(I mg/g x 100 g) . 6.9 mg/m3

14.4mj

if the predicted maximum air concentration is greater than the Threshold

Limit Value (TLV) published by NIOSH then the material deserves further

consideration. If it is lower, the material will not cause any problem.

TLV's have been published by the American Conference of

Governmental Industrial Hygienists. They state:

"Threshold limit values refer to airborne concentrations oF
substances and represent conditions under which it is believed
that nearly all workers may be repeatedly exposed day after day
without adverse effect. Because of wide variation in
individual susceptibility, however, a small percentage of
workers may experience discomfort from some substances at
concentrations at or below the threshold limit; a smaller
percentage may be affected more seriously by aggravation of a
pre-existlng condition or by development of an occupational
illness."'
"Table 2-7 presents the allowable release quantities for the

different materials at various values for the TLV of the products. A few

2-19



TABLE 2-7

ALLOWABLE RELEASE QUANTITIES (mg PRDUCT/G MATERIAL)

TLY INSULATION
(mg/m 3 ) FOAM TUBING TAPE GROMMETS ADHESIVE SEALER

0.25 0.002 0.09 0.018 0.21 0.009 0.036

1.0 0.008 0.39 0.072 0.84 0.036 0.144

2.0 0.016 1.6 0.29 3.4 0.i44 0.58

5.0 0.04 1.95 0.36 4.2 0.18 0.72

10.0 -,08 3.9 0.72 8.4 0.36 1.44

10C.0 0.8 39.0 7.2 84.0 3.6 14.4

1000.0 8.0 390.0 72.0 840.0 36.0 144.0

ESTIMATE WEIGHT IN UNIT

INSULATION
FOAM TUBING TAPE GROMMETS ADHESIVE SEALER

1800 g 40 g 200 g 21 g 400 g 100 g

2-20



things should be noted from this table. First, the materials present in

small quantities in the units (grommets) can release more contaminants

and still pose no hazard than the materials present in large quantities

(foam). Second, products with higher TLY's can be safely released in

larger quantities than products with low TLY's. For example, if 0.016

mg/g of toluene (TLY - 820 Mg/M3 ) are released from the foam, there

will be no cause for cricern. If, however, the same quantity (0.016

ug/g) of acrolein (MLY - 0.25 mgym 3 ) is released from the foam there

V" will be substantial cause for concern.

The FID experiments estimated the release quantities at various

temperatures for the materials chosen by the Investigative Team. Using

the above assumptions, the estimated release quantities were used to

predict maximum air concentrations. If the predicted maximum air

concentration exceeded 0.25 mg/m 3  for any outgassing product, the

experiment was repeated using GC/MS.

It should be noted that this procedure leaves some uncertainty

concerning the actual amount of products. In the FID experiments it is

not possible to identify the compounds produced. For this reason it was

I necessary to use the response factor for acrolein for all of the peaks

observed in the chromatogram. Since different compounds have different

response factors this will cause an error in the estimate of the quantity

of products found. We have therefore included a safety factor of 3 in

our FID screening. That is, if the quantity of products is within a

factor of 3ý of the level of concern, a GC/MS experiment was performed.

In most cases the FID chromatograms indicated that there were no

qualitative changes in the identity of the products obtained at different

temperatures. When this was observed the GC/MS experiments were only run

at the temperature which produced the most compounds.

"The assumptions used here are strongly on the side of safety.

The temperature measurements inside the operating units (Section 2.1.2)
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show that the maximum temperature will not be attained in all areas of
the units. Assumption #2 above is therefore certainly in error. Even at

the points in the heater/air conditioners where the maximum temperatures
are reached this is only true at the surface of the material. For

example, the temperature of the foam will decrease from the inside

temperature to the ambient outside temperature as one moves through the

thickness of the foam. In the experiment, however, the foam was

uniformly heated to the maximum temperature. In the units, the exposed

surface area of any material is fairly small. In the experiments the
materials were cut into small pieces, therefore increasing their surface

area. It is likely that this will increase t* amount of products.
found. This suggests that assumption #3 also overestimates the amount of
contamination that could be produced. Assumption #4, that the CRG is air

tight, is also probably in error. The errors in these assumptions
indicate that this procedure will overestimate the quantity of products

and will underestimate the volume in which the products are diluted. For
these reasons we believe that the assumptions include a large safety

factor.

2.3.2 Results of Outgassing Experiments

The normal operating temperature experiments were run in.

duplicate. One of the duplicates was run on a chromatographic column for
low boiling compounds (Chr mosorb 101). The second duplicate was run on

a column appropriate for less volatile compounds (SP-2250). A number of
the experiments with the low boiling compounds were also run after
spiking the sample with an aqueous solution of acrolein. This was done
to confirm that the vials were not seriously leaking during the heating

time. If serious leaks had occurred, very low recoveries of the spike
would be observed. The acrolein could not be recovered in the presence

of the black foam, probably due to surface or gas phase reactions.
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2.3.2.1 Low Boiling Compounds

The results of the thermal decomposition experiments for the

low boiling compounds are presented in Table 2-8. The low boiling

compounds are defined as those that elute from the chromatographic column

before ethyl benzene under the analytical conditions used. The allowable
0..: release levels are those calculated in the previous section, expressed in

ug/g. The experiments on the thermal bulb insulation tape and the heater

groimets showed that the quantity of products found after heating was
very small. Neither exceeded the criteria levels at the highest

temperatures tested, so the experiments were not run using GC/MS.

Although the outgassing of the tubing was also below the

criteria levels, the experiments were run using GC/MS. This was done

because of the appearance of the tubing in unit SM 81013 during the
inspection at Fort 8liss, Texas as discussed in Section 3.2.

• I[ The adhesive, the sealer and the insulating foam all exceeded

"the criteria levels at normal operating temperatures. Further work was
done on these materials using G/MS.

When interpreting the data from these experiments, it should be

noted that the FMD does not respond to all compounds. That is, some

compounds such as hydrogen chloride, water and carbon disulfide do not

cause the FID to respond, and they would therefore be missed in these
experiments. Some typical chromatograms fruo these experiments are

presented in Figures 2.1 through 2.7.

2.3.2.2 High Boiling Compounds
p..

The outgassing experiments were run in an identical fashion for

the high boiling compounds except that the vial containing the outgassing
products was heated with a heat gun during the transfer of the products

to the chromatography column. This was done to ensure that the compou.,ds
would not condense on the wall of the vial during the transfer

"2-23



TABLE 2-8 1
ESTIXATED QUANITY OF THU4AL OECOQPOSITION PROoUCTS (ug/g)

Tmerature I
A1 I owab Foam Tubi ng Adhesi ve Seal er Thermal Grommets
Release Tape

Quantlit 2 90 9 36 18 171

280"F 60 6 ++ 77 MA 0.4

245"F 23 2 MA MA NA NA

194,F 6 MA 4300 160 4 NA

158"F MA NA 2500 110 2 NA

70" MA MA 75 16 0.5 MA

NA - Not analyzed.
++ - High levels, beyond linear range of detection.

2
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operation. The chroaatographic column was 3% SP-2250 or 100/120 mesh

Supelcoport. A chromatogram containing xylene and benzo g,h,i, perylene

was run before starting the experiments to confirm that the

chromatographic system was operating properly. Two ug of xylene were

spiked into each experimental vial before heating to confirm that the

vials did not leak during the heating process. The xylene was recovered

"in all of the experiments.

The following materials were tested by this technique for the

presence of high boiling outgassing products:

1. foam 4
2. adhesive
3. sealer
4. tubing

The materials were heated to 280"F for to hours before sweeping the

products onto the chromatographic column.

None of the materials produced significant qiantlties of high

boiling compounds at 280"F. Approximately 0.S grams of material ,were

used in all of the experiments. The highest intensity peaks ,in any of

the chromatograms were less than 10% of the Intensity of the xylene

internal standard. These peaks were observed In the experiments on the

adhesive. The maximum estimated release quantity for all of the

materials is 0.4 ug/g at 280"F. Referring to Table 2-8, it is clear that

the high boiling outgassingr products are of no concernt. Irrespective of

their Identity they will not reach hazardous concentrations.

2.3.3 Outgaising Experiments Using GC/MS

Due to the observations of the outgassing experiments us 4 ng

GC/FID, a number of materials were run using GC/NS as the analytical

tool. The technique was similar to that described for the GC/FID

experiments. The materials investigated using GC/S were:

2-32
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1. black insulating foam
2. tygon tubing
3. green adhesive
4. brown sealer

The materials were heated to 280"F for two hours before sweeping the

volatile products into the instrument.

2.3.3.1 Insulating Foam

The black insulating foam produced six compounds in appreciable

quantities. Some of the data is presented in Figure 2.8 through 2.11.

The compounds are:

I. carbonyl sulfide
2. methanol
3. ethanol
4. acetone
5. carbon disulfide
6. benzene

Three of these compounds are of little concern. The Threshold Limit

Values for acetone, ethanol and methanol are 2400 mg/r3, 2050 mg/m 3

and 285 mg/3n , respectively. The quantities of materials found in the

FID experiments show that these compounds will not approach dangerous

levels in the CRG. The three remaining materials have rel:tively low

33
TLY's. The Tl.Y for benzene is 30 mg/r3 and the T1.Y for carbon

"disulfide is 30 mg/m 3 . There is no TLY for carbonyl sulfide. However,'il*
the inhalation toxicity and the toxicity ratings presented in "Dangerot-s
.Proper-ties of Industrial M2 are similar to those of carbon

disulfide. It is probably reasonable therefore to assume that the hazard

is about te same for both materials.

The data fron the FID experiments were used to estimate the
amount of benzene which may be produced by heating the foam. The largest

peak eluting in the region of the F'ID chromatograms was used to calculate

an approximate amount of benzene present in the experiments. This was

2- 33
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used to obtain the amount of benzene produced per unit we-ight of foam.

Based on the assumption as in the previous FID experiments, that there is

no air exchange in the CRG and that 1800 grams of foam are heated to the

experimental temperature, a Qaximum expected concentration in the CRG can

be calculated. These calculations are identical to those used to

determine whether or not GC/MS experiments were necessary (see Section

2.3.1). With these assumptions the amount of benzene produced at 280F
3corresponds to 0.67 mg/M , while at 245"F the maximum expected

concentration would be 0.11 mg/m 3 . The first value is 44 times less'

than the TLY, the second is over 250 times less than the lV. Because

these are fairly low quantities and the assumptions in this analysin are

strongly on tte side ol safety, it is unlikely that benzene will be a
significant priblem in the CRG under normal operating conditions.

The carbon disulfide could not be q'iantified using FID because

the detector does not respond to it. The thermal degradation experiments B
on the black foam were therefore repeated using an electron capture

detectnr in order to estimate the amount of carbon disulfide produced by
the foam at various temperatures. These experiments are described In

Section 2.3.4.
2.3.3.2 Tygon Tubing

The tygon tubing produced two compounds in appreciable •' J
quantities when heated to 280F. These two compounds were 2-butene and

3acetone. The TLV fer acetone ig 2400 mg/m , so it is of no concern.

There is no TLY for 2-butene, but the TLV for the closely related alkene
31,3 buta~liene Is 220 mg/mr. These two compounds were produced in small

quantit 4 ý;, and they have low toxicitles, so It appears that the tygon

tubing pots no hazard at 2807.

2.3.3.3 Sealer

The sealer produced four compounds in appreciable quantities

when heated to 280"F. The experiment was done after allowing the sealer
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to air dry overnight. The data are presented in Figure 2.12. The

compounds produced were:

1. hexane TLY = 1800 mg/u 3

2. 2-butanone (methyl ethyl ketone) TLO a 640 mg/m3
.4-wehyl-2-pentanone (methyl isobutyl ketone) TLV * 410

4. toluene TLO - 820 mg/i 3

These compounds all have fairly low toxicities, and they are produced in

small quantities (see Table 2-8). The sealer used in the PATRIOT
S~Heater/Air Conditioner should present no hazard under typical operating

conditions.

2.3.3.4 Adhesive

The adhesive used on the foam (Scotch Green 4518) produced

seven compounds in appreciable quantities when heated to 280'F. The

adhesive was allowed to air dry overnight before running the experiment

in order to Pimulate the aging and loss of solvents which would occur

during manufacturing and shipping. The data are presented in Figure

"2.13. The seven compounds were:

1. acetone - TLY - 2400 mg/ir3

2. 3-methyl pentane no data probably low toxicity (Sax)
3. hexane - TLY - 1800 mg/mi""4. ethyl cyclobutane no da , probably low toxicity (Sax)

5. heptane - TLY = 220 mg/mn
6. 3-methyl hexane no data, probably low toxicity (Sax)
7. toluene - TLY 820 mg/q 3

To exceed the level of concern for the most toxic compound found

(toluene) the adhesive would have to release 29500 ug/g of toiuene. The
V data in Table 2-8 show that the level is not exceeded at 194*F. It may,

however, be exceeded at higher temperatures. This will depend on the '

amount of ;!Jhesive used in the heater/air conditioners, the amount of

time allowed for drying, and the extent to which the toluene can diffuse p

through the foam once it has been applied. It has been detected in past
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sampling efforts during this investigation (July 21, 1982 report) but
only at trace levels. It should be noted that toluene has a strong and
distinct swell at concentrations well below the TLV. Since the personnel
working on this project have never smelled toluene while the Heater/Air
Conditioners were running it s.eems unlikely that the solvents in the
adhesivr pose a significant threat. All of the solvents have relatively
low acute toxicities*

2.3.� Hiqfer Temperature Experiments

Two of the materials in the Heater/Air Conditioners were also
tested for outgassing products at higher temperatures. The sampling team
In Fort Bliss, Texas, noted that some of the materials in one o? the
units had apparentl y been exposed to much higher temperatures than
expected (see Section 3.2). For this reason the black foam and the
tubing were exposed. to temperatures of 340QF in one set of experiments.
This temperature is much higher than the highest normpl operating
temperature measured in Section 2.1.2. It would only be attained in ttt
units during a mechanical or electrical malfunction.

In the GC/FID experiments a sample was heated in a sealed
Hypo-Vial for two hours at 3400F. A sample of the headspace was injected
into the instrument using a gas tight syringe. The coefficient of
variation for duplicate injections of toluene vapors was 3.2%. A 12 ft.
Cbromosorb 101 column was used ir. the instrument, and the temperature was
programmed at 16"C/mln from 40"C to 200C.

At 340"C the tubing released very small quantities of
products. The largest peak in the chromatogram (Figure 2.14) had the

same retention time as toluene. Assuming that the peak was toluene, the
quantity recovered was 0.0036 mg per gram of tubing. Table 2.7 indicates IN

that this is not a significant amount of material, irrespective of the
true identity of the peak. rherefore the GC/MS experiments were not
required to identify the peak.
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At 340C the black insulating foam released appreciable

quantities of a number of different compounds, so the GC/XS experiments

were performed. Some of the data is presented in Figures 2.15 through

2.18. The compounds identified were:

Carbon dioxide, TLY a 9000 mg/0 3

Carbcnyl sulfide (COS), no TýY
Sulfur ditxide, TLY - 5 mg/mJ
Carbon disulfide, TLY a 30 ag/0 3

Benzene, TLV- 30 mg/m3 !
N,N-dlmethylformamlde, TLY - 30 ag/l 3

Other compounds were also present, but their spectra could not

be conclusively identified.

The amount of benzene released from the foam was quantified

using GC/FID. The amounts of carbon disulfide and sulfur dioxide

released were quantified using gas chromatography with electron capture

detection (GC/ECD). The amount of carbonyl sulfide could not be

quantified because no standard was readily available. An estimate was
obtained assuming that the response factor for carboryl sulfide on G/MS

was the same as the rtsponse f•ctor for carbon disu-fide. The response

for dimethyl formamlde was small on both GC/FIb and GC/MS, so it was nft

quantified. The sulfur dioxide and carbon disulfide were released in

fairly large quantities, so the outgassing experiments were also repeated

for these compounds at 280"F and 250F. The results of the experiments

are presented in Table 2-9. A typical chromatogram is preiented in

Figure 2.19.

Referring to Table 2-7, we estimate that the ThY for carton.

disulfide (30 mg/r3 ) could not be exceeded unless the foam released

greoater than 0.24 mg carbon disulfide per 9dim of foam. At 340"F the

quartities found are less than this by a factor of 2.5. At 280"F and

250F they are less than this by factors of 10 and 20, respectively.
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TABLE 2-9

QUANTITIES OF C•MPOUNDS RELIASED FROM FOAM (mg/gram)

T3..PERATURE

C;IMPOuNo 340'. F 280*F 250oF

Carbon Disulfide 0.094 (0.0087)* 0.025 (0.0023)* 0.013 (0.0059)*

Sulfur Dioxide 1.65 (0.416)* M.D- M.D.

Benzene 0.013

Carbonyl sulfide 0.17** ....

* Standard deviation, three replicates.
"**Estimate, see text.
N.D. a None Detected.
... = Not anaiyzed at this temuperature.
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Table 2-7 also indicates that the TLY for sulfur dioxide (5

S.q!m 3 ) would not be exceeded unless the foam released greater than 0.04

mg sulfur dioxide per gram of foam. The quantity released at 340" is

greater than this by a factor of 40.

2.4 Conclusions

The normal operating temperature range inside the PATRIOT

Heater/Air Conditioners was measured. Outgassing experiments were
I performed et a number of temperatures in five material. chosen by the

Investigative Team. The Investigative Team suggested that the maximum

temperature tested should be 15% greater than the maximum observed

operating temperature. At these temperatures, the results show that the

concentrations of the compounds released will probably not reach

hazardous level s.

Two materials (tygon tubing and black insulating foam) were
also tested at temperatures much higher than normal operating

WN. temperatures. Certain compounds were released from the insulating foam
in concentrations which could postibly be hazardous. The assumptions

used to estimate the hazard from this release were chosen to overestimate

a potential hazard. They were strongly on the'side of safety.

The Investigative Team noted a manufacturing flaw in unit SN
. 801160. A piece of reflective aluminum intended to protect the

insulating foam from high temperatures was missing from this unit. The

Investigative Team agreed that this was a serious quality control defect.
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3.0 TASK 2- RECONWNATIONS 3, 4, A 5

3.1 Summary of Target Parameters

A number of target parameters were suggested in the draft

experimental plan dated July 30, 1982. In the meeting of the

Investigative Team on August 9, 19e2 other parameters were added. The

final list of target parameters for the sampling effort at Fort Bliss

included:

1. Acrolein
2. Formaldehyde
3. Cyanide
4. Amines
5. 'ydrogen Chloride
6. Carbon Dioxide
7. Carbon Monoxide
8. Semi-volatile organics and aromatics collected on

charcoal i
9. Volatile organics and aromatics collected on Porapak N.

The results show that no acrolein, cyanide or hydrogen chloride

was present in the air in the CRG. All samples were elow the detection

limit of the methods. Traces of formaldehyde were found both inside and

outside the CRG shelter, but the levels found were so low that they did U

not constitute any hazard. An unknown compound was present in the

ambient air at Fort Bliss uhich interfered with the analysis for amines.

Therefore, no results were obtained for amines. Carbon dioxide and

carbon monoxide levels inside the CRG were not significantly different

from the levels found in the ambient air outside the CRG. The charcoal

tube test for semi-volatile organics and aromatics did not detect any

contaminants at hazardous levels. Trace quantities of volatile organic

and aromatic compounts were found in the Porapak N sampling tubes.

Again, the compounds were well below levels which could possibly be

hazardous.
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Earlier reports from site personnel at Fort Bliss indicated

that Unit 81013 was missing a piece of reflective aluminum inside the

heater box which shields the black foam insulation irom exposure to high

temperatures created by the heater rods. The visual inspection performed

by Versar and VSE personnel showed that this was not in fact the case.

All pieces of reflective aluminum were present and properly installed.

The Versar and VSE inspection of Unit 81013 did uncover other

significant findings. Two plastic materials, the teflon heater grommets

and the tubing, had melted at some previous time. At some pcint the

inside of the heater box on this particular unit reached temperatures
which exceeded those for which the internal components were designed.

The temperatures required to do this damage were much higher than thcse

measured in the thermal experiments described in Section 2.1.2.

3.2 Sampling

3.2.1 Intrcduction

Versar was contracted by VSE Corporation to sample the exhaust

* air from two MERADCOM PATRIOT Heater/Air Conditioners for selected

inorganic and organic compounds as described in the "Draft for Comment"

Test Pla,. dated July 30, 1982 (Appendix I). Prior to testing, each

individual heater unit was installed in the CRG. Each unit was visually

.4. inspected prior to heater operation and testing activities to ensure it
was assembled according to specification. Samples were collected inside
the shelter using techniques which would allow detection of the target

parameters: acrolein, amines, aromatics (less than 120 molecular weight),
carbon dioxide, carbon monoxide, formaldehyde, hydrogen cyanide, hydrogen
chloride, and a broad range of organic compounds. Corresponding to each

of these sample sets collected Inside the shelter, an identical sample

set was collected outside the shelter at a point near the Heater/Air
Conditioner inlet. The sample sets collected outside the shelter were

used to establish baseline ambient Londitions for comparisons with air

inside the shelter during the testing.
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3.2.2 Facility Description

As each of the PATRIOT Heater/Air Conditioners was to be

tested, it was installed in position on the CRG shelter. The CRG shelter

was outfitted with comuunications equipment which was contained in

instrumentation cabinets and was cooled independently from the interior

air. The interior dimensions and top view of the CRG are presented in

Figure 3.1. The volume of the heated/air conditioned area was

approximately 330 cubic feet (9.4 cubic meters).

During the week of sampling activities, the CRG was parked at

Abernathy Park in Fort Bliss, Texas, behind a Raytheon facility. The CRG
was powered using an in-house source rather than a generator deployed

near the CRG. The initial phase of activities prior'to sampling was a

complete inspection of both the CRG itself and the PATRIOT Heater/Air

Conditioner in position on August 23, 1982 (Unit A - SN 81013). Inside

the CRG shelter, visual inspection revealed only one major material that
was in close proximity to the heated air. This material was a dark

porous sound proofing foam. It was located on all four sides inside the
heating duct that directs the conditioned air into the sheli-r. No other

materials observed inside the shelter appeared to be potential candidates

for further consideration.

The inspection of the PATRIOT Heater/Air Conditioner, Unit A

(SN 81013), revealed several operating c--d1t1ons that were unusual.
First, t!he drain for the 1-ater box was closed, allowing water to

accumulate in the box and soak into the black foaw. This accumulated
water resulted from operation of the air conditioner, not the heater.

Before the test the drain was opened, and the water was drained out.
Second, during the visual inspection through the side vent (fresh air

make-up duct), Versar and YSE personnel observed that two mat-erials in

the heater box had been damaged. The first material was the tygon
(R-3603) tubing used for the drain from the air conditioning unit through

the heater box to the outside. The tygon tube is 3/8" ID, 5/8" On, 3"

33 -3
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long, clamped at either end with standard hose clamps. At the time of

the inspection this tubing was charred and deformed (damage affectad

approximately 30% of the surface area). It was therefore remoted for
visual inspection. This tubing was not placed back into the unit during

testing, nor was a section of replacement drain tubing installed. The L
se'ond material in the heater box that appeared damaged was six (6)

teflon grommets that are used to insulate the right end of the heater rod

from the metal holder. The arommets were melted. There were several

small deposits of molten teflon on the bottom of the box. All other

visual features appeared normal, with the black foam properly shieldcd

from the heater rods with reflective aluminum. It appears that during

previous operations, the heater box became hot enough to damage the drain

tubing and the teflon grommets.

An extensive inspection of the PATRIOT Heater/Air Conditioner,

Unit B (SR 801198), was conducted at YSE's facility in Alexandria,
Virginia during the week of August 9, 1982. A brief visual inspection at

Fort Bliss revealed no apparent problems, and all materials were

installed as specified.

3.2.3 Su•nary of Monitoring Operations

Inspection and testing of the PATRIOT Heater/Air Conditioners
were conducted by Yersar personnel on August 23 - 26, 1982. The Phase 1

test was the physical inspection of the two units prior to operation.
The air sampling tests were conducte1 in two phases which were designated

is Thase 2 and Phase 3. Two Heater/Air Conditioners, labelled A and B,

were tested.

Phase 2 sample collection was made up of two 2-hour sample sets

inside the CRG when Unit A was operating with the heater off in the air "

conditioning mode. Similar sample sets were also collected from the

outside air to deter-mine ambient baseline conditions. Phase 3 reouired
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the collection of four 1-hour sample sets inside the CRG with first Unit

A, and then Unit 8, installed and operating in the high heat mode.

Outside air sample sets were also cullected during Phase 3.

During Phase 2 and 3 tests, make-up air was drawn through the

Heater/Air Conditioner. It is believed that similar op-reting conditions

were employed during the April, 1982 incident. One of four covers was

removed from the chemical/biological filter intake. During all tests for

chemical irritants, this cover remained off.

During Phase 3 sampling both Units A and 8 were operated with
the main switch on high heat and the thermostat set at th hiegiest heat

setting. In some previous experiments the over-temperature switch and

the thermostat had been bypassed. In this mode the heater operated with

all 15 heater rods on continuously. This was not don*e in this sampling

for the following reasons. First, the high ambient air temperatures at

Fort Bliss (65 to 804F) were not characteristic of temperatures

encountered during winter months when the heateri will actually be used.

The high temperatures that would be achieved could damage the heater

unit, and the results would not be representative of typical operating

Sconditions. The second and more important reason for not bypassing the

controls was the desire to maintain temperatures in the CRG which would

allow t*.e sampling to proceed. Temperatures over .30*F could have

damaged either the sampling media or the sampling equipment. These

temperatures would also have driven the sampling personnel out of the

CRG. Versar sampling personnel were assured by Mr. Robert Sherfy (VSE)

that when the heater is set in the high heat made. approximately 50% of

the heater rods are on under all conditions. The unit, therefore, was

ilways exposed to heated conditions. Temperature data collected at the

Ne exhaust of the heater indicated that some percentage of the heater rods

were on at all times during the sampling.
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Post-testing inspections revealed no significant changes to
either Untit A or B. Unit 8 (SM 801198) remained in position on the CRG
after Versar concluded testing. Unit A (SN 81013) was for shipment back
to VSE in Alexandria, Virginia for additional Inspections to be conducted

by VSE personnel.

3.2.4 Sample Collection Equipment and Preparation

The following list represents tVhe *aipm•nt used to collect the

"first-hour sample sets during each of the three tests:

S. 9 Porapak N tubes (3 were field blanks)
9 Charcoal tubes (3 were field blanks)
1 CO2 dosimeter tube
2 Midget impingers, standard
10 Midget impingers, fritted
8 Liquid traps
8 High flow sampling pumps
4 Electric vacuum pumps
I Low flow sample pump
4 Three-tube manifolds
12 Sample bottles
80 ml 1% sodium bisulfite (NaHSO3) stnck solution
30 ml 0.1l sodium hydroxide (MaOH) stock solution
30 ml 1:100 hyd'rochloric acid - isoprop~nol stock solution
1 Carbon Monox;de monitor
Cooling manifolds and ice

"* Tygon tubi ng

Before collecting the first sample set, the impingers were
cleaned accrrdling to the following procedure:

a) Wash with mild detergent
b) Rinse witi. water
c) Rinse with 1:1 nitric acid
d) Rinse six times with deionized water
e) Shake out excess water

In the field, the impingers were cleaned between samoling sets by first
rinsing with deionized water and then rinsing with the particular
solution to be used In the impinger.
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3.2.5 Phase 2: Characterization of the CRG

The purpose of the Phase 2 test was to verify that none of the

target parameters were present inside the CRG when the Heater/Air

Conditioner was operating in other than the high heat mode. For this

test, the unit installed on the CRG (Unit A) was operated with the air

conditioner compressor and fan on but the heater off. Two 2-hour sample
sets were scheduled to be collected inside the CRG and two corresponding

2-hour sets were collected outside. Each sample set utilized the

following trapping media under the specified conditions:

Charcoal - 3 charcoal tubes (400 mg front section; 200 mg
break-through section SXC catalogue No. 226-09) were connected
in parallel, using tygon tubing, to an electric vacuum pump. A
needle valve. installed at the pump irnlet, was used to adjust
the air sampling rate to approximately 250 m1/min for each
tube. Cooling .manifolas were used to cool the tubes to
approximately 50*F. The charcoal tubes were, activated and
sealed at the factory.

Porepak N - 3 Porapak tubes (18 cm x 6m 00 glass packed with
6 cm of Porapak N) were connected in pareelle, using tygon
tubing, to an electric vacuum pump. A needle valve, installed
at the pump inlet, was used to adjust the air sampling rate to
approximately 100 mlAmin for each tube. Cooling manifolds were
used to cool the tubes to approximately 50F. Prior to use,
"the Porapak tubes were pre-conditioned at 190" with a helium
(99.999%) flow rate of 5 il/mtn for 12 hours and sealed in the
Versar laboratories.

Sodium Bisulfite (NHSO 3 ) - 2 samplfng trains were used per
set. Each train consisted of 2 midget fritted impingers, each
containing 10 al of 1% NaHSO 3 solution, connected in series
to a high flow sampling pump. The sampling pumps were
calibrated to draw air through the impingers at the rate of 1.0

"* liter/min.

Sr._duum Hydroxide (NaOH) - One standard midget impinger,
"containing 1S ni of O.1M XaOH, was connected to a high flow
sampling pump. The pump was calibrated to draw air through the
impinger at the raU of 1.0 liter/mim.
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AcidifIed Isopropanol -One fritted midget itpinger, containing
15 ml of 1:100 hWdrochloric acid - isopropanol solution, was
connected to a high flow saling pump. The pump was
calibrated to draw air through the impinger at the rate of 1.0
11 teral n.

Collection of the first sample sets began at approximately 2140
hours MOT on August 24 and continued for 2 hours as scheduled.
"Collection of the second sample sets began at approximately 0020 hours
1MDT on August 25. Outside (ambient) samplIng was terminated at 0050
hours because of heivy rain showers. Inside sampling was terminated at
0140 hours, when power to the CRG was lost as a result of a severe
electrical storm.

As each sampling period ended, the charcoal and Porapak tubes
were labelled and sealed with appropriate caps and placed inside screw
cap culture tubes. The solution from each impinger was poured into a
labelled sample bottle and refrigerated at 4C.

Phase 2 testing also included the collection of field blanks
during the first two-hour test. The following field blanks were

collected:

3 Porapak N tubes
3 Charcoal tubes
2 Sodium 81sulfite solution
2 Sodtum Hydroxide solution
1 Acidified Isopropanol solution

The Porapak N and charcoal blanks were prepared by opening the ends of
the tubes and then resealing them with appropriate caps. The sodium
qydroxide and acidified isopropmnol inmpnger solution blanks were

'4 prepared by pouring 15 ml of the appropriate solution into a clean
Impinger bottle and then into a labelled sample bottle. The sodium
bisulflte blanks were orepared In an identical manner, except that 10 ml
of solution was used. All impinger solution blanks were then placed in a
cooler at 4C and stored until shipment to the analytical laboratories.
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In addition to the above listed sapling act,.vities, a

continuous-reading carbon monoxide (CO) analyzer was used to monitor the

CO levels both inside and outside the CRG. Both levels remained constant

at approximately 0.2 ppmv. Also, the air temperature, both inside and

outside the CRG, was recorded every 20 minutes. The inside air

temperature ranged from 68F to 75*F during the Phase 2 tests.

Meanwhile, the outside air temperature rangedý from 72F to 85F.

A sumary of all samples collect durng Phase 2 testing is

presented in Table 3-1.

3.2.6 Phase 3: Testing In the High Heat Mode

The purpose of the Phase 3 tests was to determine whether any
of the target parameters were introduced into the CRG when the PATRIOT

Heater/Air Conditioners were operated in the high heat mode. Two

heater/air conditioners, designated Unit A (SN 81013) and Unit B (SN
801198), were subjected to Phase 3 testing.

First, Unit A was switched to the high heat mode. Four

consecutive inside air sample sets were collýcted for one-hour each, with

, • the exception of the isopropanol sample which was collected only during

the first 30 minutes of each one-hour period (the sampling time for the

isopropanol Impinger was reduced from one hour to 30 minutes because of
evaporation of the impinger solution). 'so, four outside air sample

sets were collected, corresponding to each of the inside air sample sets,
to determine if the outside air used for CRG!make-up air was contributing

potential irritants to the shelter.

The sample collection apparatus was identical in both sample
number and sampling rates to that described for Phase 2 sampling in

"3.2.5. Also, as in Phase 2 testing, CO concentration and temperature
measurements, both inside and outside the CRG, were recorded during the

collection of each sample set.
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TABLE 3-1

SAMPLING DESIGN FOR AIR SAMPLES COLLECTED IN THE CRG
SHELTER WITH THE PATRIOT HEATER/AIR CONDITIONER UNIT A
DURING PHASE 2 CONSISTING OF TWO 2-HOUR SAMPLING SETS

'ý-elter Make-up Blanks 1st Set 2nd Set Total
Air Al r FTM--Lab Sumar Summar Suma ry

Porapak N Tubes 3* 3* 3** 3** 12 6 18

Charcoal Tubes 3* 3* 3.* 3* 12 6 18

0.1 M MaOH 1 1 1** -- 3 2. 5

"" ,1 NaHfO 3  2+ 2+ 2+ - 6 4 10

Isopropanol 1 1 1 -- 3 2 5

CO/CO2  1+ - -

TOTAL SAMPLES 37 21 58

•4
N

* Tripliate samples were collected and submitted to U.S. AEHA and
Raytheon/Skinner I Sherman.

** Blank traps were collected during the first sampling set only.
*** A blank for 0.1 M MaCH Impinger solution was collected during the first

sampling set.
+ Duplicate 1% NaHSO3  (sodium bisulfIte) fIpinger samples were

collected during both sampling sets, and a blank sample were collected
during the first sampling set. These duplicate samples and blanks were
submitted to Raytheon/Skinner & Sherman for analysis of acrolein using
NIOSH P&CAM 211 methodology.

++ Carbon monoxide (CO) was monitored continuously and carbon dioxide was
monitored using a dosimeter.
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Collection of the first Unit A sample sets began at 0310 hours

MDT on August 25, 1982. During this hour, the temperature inside the CRG

increased from 82F to 101F, while the outside a'r temperature reached

69"F. The Co concentration inside and outside the CRG shelter was
measured at 0.2 ppmv. A full set of field blanks, as described in 3.2.5,

was prepared during this first hour.

Collection of the second Unit A sample sets began at 0455
hours. During this hour, the temperature inside the CRG increased from

106F to 1090F,' while the outside air temperature reached 72"F. The CO

concentration measured inside the CRG, 0.3 ppmv, was only negligibly
higher than the outside air concentration of 0.2 ppmv.

-p Collection of the third Unit A sample sets began at 0625
Shours. During this hour, the temperature inside the CRG increased from

108F to 118F, while the outside air temperature reachr.d 780F. The CO

M concentration inside the CRG remained at 0.3 opmv, while the outside air

concentration continued to be 0.2 ppmv.

A Collection of the fourth Unit A sample sets began at 0752

hours. During this hour, the temperature inside the CPG reached 124"F

while the outside air teperatur•. reached 82"F. Again, the CO

concentration inside the CRG remained only negligibly higher than the
outside air concentration. Also during this time, additional sets of

Porapak N and charcoal field blanks were prepared.

After the fourth Unit A sample sets were completed, Unit A was

rewvved and replaced with Unit B. Unit 8 was then subjected to the same

tests as those performed on Unit A. Again, al) samples were collected

for one-hour, with the exception of tý'e isopropanol impinger, which was

collected for 30 minutes.

Collection of the first Unit B sample sets began at 2133 hours

MDT on August 25, 1982. During this hour, the temperature Inside the CRG

6 incyeased from 72"F to 109F, while the outside air temperature reached
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72"F. The CO concentration inside the CRG was equal to the outside air

concentration of 0.2 ppmv. Also during this hour, a full set of field
blanks was prepared.

Collection' of the second Unit B sample sets began at 2307

hours. During this hour, the temperature inside the CRG increased from
112"F to 120-F, while the outside air temperature reached 74"F. The CO

concentration inside the CRG was again equal to the outside air

concentration of 0.2 ppov.

Collection of the third Unit B sample sets began at 0043 hours

on August 26. During this hour, the temperature inside the CRG increased

from 118"F to 124°F, while the outside air temperature' reached 74PF. The

CO concentration inside the CR6 remalned equal to the outside air
concentration of 0.2 ppmv.

Collection of the fourth Unit B sample sets began at 0215

hours. During this hour, the temperature inside the CRG increased from
124F to 1280F, while the outside air temperature decreased to 720F. The,
CO concentration inside the CRG remained equal to the outside air

concentration of 0.2 ppov. Also during this hour, additional Porapak N

and charcoal field blanks wre prepared. A sumuary of samples collected

from each unit Is presented In Table 3.2.

In addition to the sampling techniques used in the Phase 3

sampling for Unit A, a long-term color dosimeter tube was used to measure

the carbon dioxide (CO2 ) concentration inside the CRG during Phase 3

testing of Unit 0 (pump failure caused the dosimeter tube used for Phase

3 Unit A tests to be invalid). A sampling pump was used to draw air
through tiie tube at the rate of 20 ml/min from 2133 hours until 0315
hours (342 rmin). The tube indicated that, during that period, the

average C02 concentration inside the CRG was 691 ppmv.
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TABLE 3-2

SAMPLING DESIGN FOR AIR SAMPLES COLLECTED IN THE CRG SHELTER
EQUIPPED WITH THE PATRIOT HEATERAIR CONDITIONER DURING PHASE 3

CONSISTING OF FOUR 14-OUR SAM'PLING SETS PER UNIT A AND PER UNIT B

Shel ter Make-up Blanks SamplesAi r Air Fv -T7d--ab Hourly To-tal

Porapak N Tubes 3* 3* 3* 3* 12 33

Charcoal Tubes 3* 3* 3* 3* 12 33

0.1 M NaOH 1 1 1** -- 3 9

1% NaHSO3  2+ 2+ 2+ --- 6 18

Isopropanol 1 1 1 ** - 3 9

* CO/CO2  1.+ - - 1 4

TOTAL SAMPLES 37 106

* Triplicate samples and blank trips were collected and submitted ta
U.S. AEHA and Raytheon/Skinner & Sherman. Field blanks were

F collected only during sampling sets 1 and 4; lab olanks were
subnitted only for sampling set 1.

,** A field blank for these samples was collected during the first
sampling set only.

+ Duplicate I0 NaHSO 3 (sodium bisulfite) impinger samples and field
blanks were collected and submitted to Raytheon/Skinner & Sherman
for analysis of acrolein using NIOSH P&CAM 211 methodology. Field
blanks were only collected during the first samnling set.

* ++ Carbon monoxide (CO) was monitored continuously and carbon dioxide
was monitored using a dosimeter.
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3.2.7 Sample Distribution

After samples were collected, they were prepared for shipment

to Raytheon/Skinner & Sherman, U.S. Army Environmental Hygiene Agency,

and Versar Laboratories. Samples were shipped via Federal Express to the

respective laboratories. Shipments containing Impijnger solutions

contained ice packs to maintain the samples at 40C.

The laboratories received the samples indicated in Tables 3-3,

3-4, and 3-5, with the exception of the laboratory blanks. The

laboratory blanks were shipped directly from the Versar Laboratory.

Chain-of- custody records, listing the enclosed samples, were included

w•th each shipment. Chain-of-custody forms are presented In Appendix V.

3.3 Analysis of Target Parameters

3.3.1 Acrolein In Air

Acrolein in air was determined on site using NIOSH Method P&CAM

211. Two midget impingers cooled to 4C and connected in series, each

containing 10 =1 of 1% sodium bisulfite (NaHSO 3 ) solution, were used to

collect air samples for acrolein determinations. A sampling rate of

approximately 1 liter/min for approximately one-hour provided a detection

limit of 0.C5 mg acrolein/m3 in a sample volume of 53 liters of air.

No acrolein was found in samples collected at Fort Bliss, Texas. Two

samples, each spiked at 0.24 mg acrolein/mu, gave 98% and 96% spike

recoveries respectively. The data are presented in Table 3-6.

3.3.2 Formaldehyde in Air

Formaldehyde in air samples were collected and analyzed

following NIOSH Method P&CAM 125. Two midget impingers cooled to 4C and

connected in series, each containing 10 ml of 1% sodium bisulfite

(NaHSO 3 ) solution, were used to collect air samples for formaldehyde

determinations. An air volume of 53 liters provided a detection limit of

3-15 b
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TABLE 3-3

SAMPLES SUBMITTED TO RAYTHEON/SKINNER A SHERMAN
COLLECTED FROM TESTS CONDUCTED IN THE CRG SHELTER

WITH THE PATRIOT HEATER/AIR CONDITIONER DURING "
PHASES TWO AND THREE

Shelter Make-up Blanks Total
Air Air FiJeTa ab Summary

Phase 2 (SN 81013)

Porapak N Tubes 2 2 1 1 6

Charcoal Tubes 2 2 1 1 6

1% NaHS03  2 2 1'-- 5

TOTAL SAMPLES 77I

Phase 3 (SN 81013 & 801198)

Porapck N Tubes 8 8 4 2 22

Charcoal Tubes 8 8 4 2 22

1% NaHSO3  8 8 2 -- 18

TOTAL SAMPLES 62

/

I
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TABLE 3-4

SAMPLES SUBMITTED TO U.S ARMY ENVIROMENTAL HYGIENE AGENCY
COLLECTED FROM TESTS CONDUCTED IN THE CRG SHELTER

WITH THE PATRIOT HEATER/AIR CONDITIONER DURING
PHASES TWO AND THREE

Shelter Make-up Blanks Total
Air Ai r FiI1T ab Summary

Phase 2 (SN 81013)

Porapak N Tubes 2 2 1 1 6

Charcoal Tubes 2 2 1 1 6

TOTAL SAMPLES 12

Phase 3 (SN 81013 & 801198)

Porapak N tubes 8 8 4 2 22

Charcoal Tubes 8 8 4 2 22

TOTAL SAMPLES 44
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TABLE 3-5

SAMPLES SUBMITTED TO THE VERSAR LABORATORY
COLLECTED FROM TESTS CONDUCTED 19. THE CRG SHELTER

WITH THE PATRIOT HEATER/AIv CONDITIONER DURING
PHASES T71O AND THREE

Shelter Make-up Blanks Total
Air Air Fie1"-Tab Suemary

Phase 2 (SN 81013)

Porapak N Tubes 2 2 1 1 6

Charcoal Tubes 2 2 1 1 6

0.1 M NaOH 2 2 1 -- 5

1% NaHSO3  2 2 1 -- 5

Isopropano! 2 2 1 -- 5

TOTAL SAMPLES 27

Phase 3 (SN 81013 & 801198)

Porapak N Tubes 8 8 4 2 22

Charcoal Tubes 8 8 4 2 22

0.1 M NaOH 8 8 2 -- 18.

1% NaHSO 3  8 8 2 -- 18

Isopropanol 8 8 2 -- 18

TOTAL SAMPLES 98

3-18
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TABLE 3-6

ACROLEIN IN AIR

AcrolPi n Yoiuue of Air
Field Sample N~o. (mg/ur 3) SamplIed (11iters).

A-H-i -8-i Blank <0. 25ug/L--
A-H-i -8-l a <0.05 53
A-H-i -8-lb <0. 05 53
A-HA-2-B-ia <0.05 53
A-HA-2-B-lb <0.05 53
A-H-2-8-la <0.05 53
A-H-2-8-lb <0.05 53
A-H4A-2-B-ia <0.05 53
A-HA-2-B-lb <0.05 53
A-C-i-B-i Blank <0.25 mg/I -
A-CA-1-8-ia <0.02 107
A-CA-i-B-lb <0.02 107A-CA-2-8-1I <0092
A-CA-2-B-la <0.09 27
A-CA-1-8-lb <0.09 207
A-C-i-B-la <0.02 107 3
A-C-i-B-lb <0.02 710
A-C-2-B-lb <0.04 71
A-H-2-B-lb <0.04 71
A-H-3-B-la <0.05 53
A-HA-3-B-lb <0.05 53
A-HA-3-B-la <0.05 53
A-HA-3-B-lb <0.05 53
A-H-4-8-1a <0.05 53
A-HA-4-8-la <0.05 53
A-HA-4-B-ia <0.05 53
A-HA-1-81Blan <0.05 53L -

B-H-i-B-i lan <0.25 mg/
B-H-i-B-ia <0.05 53 I
B-H-i-B-lb <0.05 53
B-H-2-8-1a <0.05 53
B-H-2-B-1b <0.05 53
B-H-3-8-ia <0.05 53
B-.H-3-B-1b <0.05 53
B-H-4-8-1a <0.05 53
B-HA-4-B-lb <0.05 53
B-HA-i-B-ia <0.05 53
B-HA-i-B-lb <0.05 53
B-HA-2-8-1a <0.05 53
B-HA-2-B-1b <0.05 53 ~
B-HA-3-B-la <0.05 53
B-HA-3-8-lb <0.05 53
B-HA-4-B-1b <0.05 53
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0.05 ug formaldehydAe/u 3 . As shown In Table 3-7, trace levels of

formaldehyde were detected both inside and outside the C2G shelter during

various collection episodes. The levels are consistently less than 1/15

of the TLY of 3.0 m formuidellyde/m . Spike recoveries of '6% and 30%
respectively were found on two samples spiked at 0.5 ng form1ldehyda/24.

3.3.3 Cyanide In Air

Cyartde as hydrogen cyanide was collected following MIOSH

ethod MP&CAN 116 using midget impingers containing 15 al of 0.1. M sodim

hydroxide (NaOH). Air was drawn through the impinger at a rate of

approximately I liter per minute for approximately one-hour. The samles

and controls were stored at 4C in a refrigerstor prior to analysis. A

potentiometric determination of cyanide in samples and controls showed no

cyanide to be present at levels above the detection limit. A recovery of

1002 was obtained for a spike of 0.06 ag C_/m3 on saple A-14-3-4-1.

The data are presented in Table 3-8. The TLY for cyanide Is 7 mg/a 3

so the levels were less than the TLY by more than a factor of 100.

3.3.4 Mines in Air

,. Primary and secondary ines in air were deter•ined using APHA

Method 124 - Tentative Method of Analysis for Primary and Secondary

""imnes In the Atmosphere (Ninhydrin Method). Air samples were collected

using midget imping•ri containing 10 ml of acidified Isopropanol. The

absorbing solution was reacted with ninnhydrin (1,2,.-tr•katohydrindene).

Pr- inry and secondary amines produce a purple complex whose absorbance is
read at 575 ru and coipared to a calibration curve prepartd frou

n-Wutylamine standards. All samples, excluding blanks, collected at Fort

Bliss, Texas failed to develop a color responmse after the addition of the

ninhydrin. The blanks, as expected, developed a n¢ormal color re'ponse.

A chemical Interference of an unknown nature Inhibited coior develo!ment

in all samples collected Inside and outside the CRG shelter. Spiked CRG

*3-0
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TAKLE 3-

FORPALDEWND IN AIR

Forinaldqde SVoiilme o~f iAifrField Saqile No. (*g/wj)S id(te)

A-N-i-S-i Blank' <0.25 mg/L .-
A-H-i -8-1A (0. 05 53
A-M-i -8-18 (0.05 6
A-0-24-IA <0.05 53
A-M-2-8-18 (0.05 53
A-H-34-8-A <0.0! S3
A-H4-8-iA 0.09 53
A-MA-i-8-1iA (0.05 53
A-NA-i -8-18 (0. 05 53
A-MA-2-8-iA <0.05 53
A-J4MA-2-8-iB 0.09 53
A-14A-3-8-IA (0.05 53
A-HA-4-8-lA 0.09 53
A-C-i-S-i Blank <0. 25 mg/i
A-C -1i-8-1A (0.02 107
A-C-i -8-18 (0.02 107
A-C-2-S-iA c'q.04 71
A-CA-i -a-iA (0.02 107
A-CA-2-8-iA (0.09 27
S-H-i4-S- Blank (0.25 mg/L--
a-H-i-S-iA 0.09 53

8-Hi-SlB0.05 53
B-H-2-8-1A 0.05 53
B-H-2-8-1B 0.05 S
8-M-3-8-iA (0.05 53
8-M-3-8-18 <0.05 53
s-H-4-8-1A <0.05 53
B-H-4-8-1B 0.09 5.3
B-HA-i-B-lA (0.05 53
B-MA-i-8-1B <0.05 53
8-WA-2-8-1A 0.19 53
8-HA-2-8-lB <0.05 53
8-KA-3-8-IA 0.05 53
8-NA-3-8-18 <0.05 53
8-HA-4-8-lA <0.05 53
8-.MA-4-~3-18 <0.05 53
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W w LTAKLE 34-

CYANIME IN AIR

Cyanf e Volume of Air
S'ield Sample No. (m0/wm) Sampled (liters)

A-C-i-H-1 Blank <0.1 mg/L ---
A-C-1 -H-1 <0.01 107
A-C-2-H-1 <0.02 71
A-CA-1 -H-1 <0.01 107
A-CA-2-H-1 <0.06 27
A-H-1-H-1 Blank <0.1 m9/i.
A-H-1i-N-i <0.03 53
A-H-2-H-1 <0.03 53
A-H-3-H-1 <0.03 53
A-H-4-H-1 <0.03 53
A-HA-1 -H-i <0.03 53
"A-HA-2-H-1 <0.03 53
A-HA-3-H-1 <0.03 53
A-HA-4-H-1 <0.03 53
B-H-i-H-i Blank <0.1 mg/. T3

B-H-i-H-i<0.03 5
*8-H-?-H-i <0.03 S3

B-H-3-H-1 <0.03 53
8-H-4-H-1 <0.03 53
8-HA-1-H-1 <0.03 53
B-HA-2-H-il <0.03 53qB-HA-3-M-1 <0.03 65
B-HA-4-H-1 <0.03 53

•7 3

.4

'S.. A -7
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samle absorbing solutions also failed to give the expected color

development. N-Butylmine was added to CRG sample absorbing solutions

after collection but prior to color development. Spike levels were 3.7

mg n-butyla•ilneM3 and spike recoveries were zero. A detection limit

of 0.8 .g n-butylamnne/m3 in a 27 liter air sample was provided. The

data are presented in Table 3-9.

Control samples at the Versar Laboratories in Springfield,

Virginia, were handled to duplicate the field sampling effort in order to

determine If the sampling methodology Itself caused the chemical

interference. Analysis of the controls showed no color inhibition as

experienced with the samples collected in El Paso, Texas. Figure 3.2 is

* a pictura of the solutions after color development in Fort Bliss. The

dark tubes on the right are the blanks which developed the blue color.

The remaining tubes are the samples which did not develop the blue color.

3.3.5 Ifdrogen Chloride in Air

The samples for hydrogen chloride In air used the same impinger
solutions as the determinations of cyanide In air. Approximately 60

liters of air were dram through a midget impinger containing 15 ml of

0.1 M sodtum hydroxide (NaOM). The chloride ton levels were measured

potentiometrically. The results are presented in Table 3-10. Chloride

was detected in all of the samples at concentrations ne•ar *#-' %f the

blank. The chloride in the blank Is probably due to trace impurities in.
the reagent grade Ma(Xi used In the impinger solutions. Even without
adjusting for the error introduced by the blank, all of the values

3reported are at least 3.5 times less than the TLY of 7 mg/iS . Most
measurements are less than the TLY by a factor greater than 10. The
results indicate that hydrogen chloride released frm the PATRIOT

. Heater/Air Conditioners does not present a hizard to personnel worting In

* the CRG.

k-7y
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3 TABLE 3-9

MINES IN AIR

~1ne~Vol me of Ai r
Field Sample go. (.gMn SamplIed
(11iters)

A-C-1-1-1 Blank <2. mg/L
A-C-l -I-1 CI 107
A-C-2-1-l CI 71
A-CA-i-1-1 CI 107
A-CA-24-!- CI 13
A-H-A-I-i Bl ank <2. mg/L
A-H-i-I-I CI 27
A-H-2-I-1 CI 27
A-M-3-1-l C 1 27
A-0-4-1-1 CI 27
A-HA-1-1 CI 27
A-HA-1-I-1 CI 27
A-HA-S-I-i CI 27
A-MA -4-I1-1 CI 27U 88-- 81 Bank <2. mg/L

5-81--iCI 27
8-H-2-i-i CI 27
6-8-3-1-1 CI 27
B-H-4-1-1 CI 27

B-A111CI 27
*B-HA-2-1-1 CI 27

B-HA-3-1-1 CI 27
8-HA-4-I-1 CI 27

CI *Chemical Interference
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TAKLE 3-10

5 RESMLTS OF SWLES FOR
HYDRO LORIDE IN AIR

Lab Sample No. Field Sample No. l of Air Chlo,1•,;amled (liters) (Mj/um

3705 A--1-H-'-81-k 106.79 0.98
3706 A-C-i-H-i 53.39 1.1
3707 A-C-2-H-1 71.19 0.42
3708 A-CA-1-H-1 106.79 0.42
3709 A-CA-2-H-l 26.70 1.1
3710 A-H-.-M-1-81k 53.39 0.56
3711 A-H-1-H-1 53.39 0.283712 A-H-2-Hl 53.39 0.56
3713 A-H-3-H-i 53.39 '2.0
3714 A-1-4-,4-l 53.39 0.84
3715 A--4A-1-i-1 53.39 0.56
3716 A-MA-2-.H-1 53.39 1.1
3717 A-MA-3-H-1 53.39 0.28
3718 A-MA-4-M-1 53.39 0.2b
3719 B-H-1 -H-1-81k 53.39 0.28
372u .-H-1-H-1 53.39 0.56
3721 1---2-m-1 53.39 0.28
3722 8-H-3-H-1 53.39 0.28
3723 8-A-4-H-1 53.39 0.28
3724 B-HA-1-H-I 53.39 0.28
3725 B-A-2-M-I 53.39 0.28
3726 B-NA-3-H-I 53.39 O.56
3727 B-HA-4-H-I 53.39 0.14
3713 Oup 53.39 2.52,,3713 Spike (1.0 mg/I) 100" Recovery
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3.3.6 Carbon fOnoxide In Air

As mentioned In Section 3.2, the carbon nonoxide levels inside

the CRG were not elevated to a significant extent. The highest levels

observed were 0.3 mg/m3 which is less than the TLY of 55 mg/O 3 b: a

factor of 180.

3.3.7 Carbon Dioxide in Air

The dosatletr reading after the sampling operation mentioned in

Section 3.2 indicated that the carbon dioxide levels were not

significantly elevated in the CRG. The observed value *,A 691 ppm is
approximately 7-fold less than the TLY of 5,000 ppem.

3.3.8 Charcoal TuO Analysis for Organic Contaminants

Samples were standard charcoal tubes (SKC Catalogue No.
2236-09). The fronts and backs were placed into sepaeate screw cap vials

fitted with teflon lined septa.

On the day of analysis 3 al CS2 was added to -he vials and
gently agitated. After 30 minutes 1 ml was placed into an injection vial

and spiked with 10 ul 2 mg/ml d-l0 anti-racene. Injection volmes were 2

ul using the solvent flush techniolue.

Capillary GC/FID was used to screen the extracts before

possible GC/AS analysis.

GC Conditions

Instrerlt Varian 3700 gas chromatograph
Column 28.5 m x 0.3 an ID non-polar fused silica

capillary
Injector Splitless
Inlet Vent Close 10 sec, inject, open after 30 sec; 60

ml /m n"
Temps: Inlet 250"C

Detector 300C
Oven 45"C for 4 min, 10OC/min to 280C, hold 9 min

Gases: Carrier 15 psi '*
Make-up 26 mli/mIn N2
FID 30 1/r/min H2 ; 30O0al/min Air
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Prior to the days injections, a mixture of comounds was
injected to serve as retention time markers. The mixture contained lOppm
each benzene, toluene, ethyl benzene, naphthalene, 20ppm d-10 anthracene,
and 100ppm benzo(ghi)perylene in CS2.

The screening criteria was detection of peaks eluting after
benzene larger than the response for ippe toluene. Extracts that showed
peaks were reanalyzed and, if confirmed by FIB, were analyzed by GCA4S.

The init141 injection of each day showed some large peaks at
17.3 and 20.98 minutes. Since the column was left at 45C overnight,
these peaks indicate cold trapping of impurities in the carrier gas.

Table 3-11 presents the results of the charcoal tube analysis.
A typical chromatogram is presented in Figure 3.3. The charcoal tube
technique did not detect any contamination in the air in the CRG. The
screening criteria were only exceeded by three of the tubes. GC/MS

Sanalysis showed that the contaminant in these tubes was toluene.
However, one of the three tubes containing toluene was a sampling blank.
This indicates that the source of the contamination was an intermittent
sample contamination problem, and that the toluene was not actually
present in the air of the CRG. Even if the toluene vms present in the
CRG, the levels found indicate that it is of no concern. The qur.tities
found corresponded to 230 ug/m3 in sample B-H-l-C-l-blk, 130 ug/m3 in
B-H-l-C-l, and 150 ug/m3 in B-H-l-C-2. The highest value here is 3500
times less than the TLY for toluene.

3.3.9 Volatile Organic and Aromatic Compounds

Air samples collected on Porapak N sample tubes were analyzed
by thermal desorption packed column GC/MS procedures., The methodology
used as a reference was EPA Method 603, Federal Register, Yol. 44, No.
233, Monday, Decembe- 3, 1979.
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TAKLE 3-11

YSE III - SAMPLED AUGUST 24-3.,1982

A - S981013

a - SN801198

Smpler's Lab_. Screen Results/Coments 3
A-C-1.-C-1-bl k 3682 Meg.
A-CA-1 -C-i 3681 Neg.

-2- 3684 Neg.
A-C-1 -C-1 3680 Neg.

-2- 3683 Meg.

A-.-l -C-1-bl k 3687 N eg.
-4- 3694 N/I

A-MA-I -C-1 3686 Neg.
-2- 3689 9/I
-3- 3691 N/I
-4- 3693 Neg.

A-44-1 -C-1 3685 Neg. GC/MS analyzed,
-2- 3688 9eg.
-3- 3690 Meg.
-4- 3692 Meg.

Neg. N No peaks after benzene larger than lppM toluene.
9/I N Not Injected

YSE III- SMKE AUGUST 24-26, 1982

Sampler's 0 Lab Screening Resul ts/Coffments

8-H-1 -C-1 -bl k 3697 Meg.
-4- 3704 Positive toluene-GC/MS analyzed

B-HA-t -C-1 3696 Neg.
-2- 3699 Neg. 12
-3- 3701 Neg.
-4- 3703 Neg.

B-H-I-C-I 3695 Positive toluene-GC/MS analyzed
-2- 3698 Positive tvluene-GC/MS analyzed
-3- 3700 Neg.
-4- 3702 Meg.

Neg. N Mo peaks after benzene larger than lppm toluene.
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Prior to analysis of samples the GC/MS was calibrated to FC ý3

and DFTPP. The instrument response factors were then produced by

analysis of standard reference materials. These internal standaId

response factors were then used for quantitation of identified

materials. Unknowns were identified by library search using the EPA NIH

32000 spectra library.

The Porapak N sample tubes were spiked with surrogate spikes
pri or to sampling. The surrogate spikes were 2.1 micrograms

acrylonitrile d3 and 2.6 micrograms 2-fluorobenzene d5. These surroga e

spikes were used to monitor the retention capability of the Porapak N.

Upon analysis the sample tubes were spiked with 1.2 micrograms

of benzene d6 as an 'nternal standard. The sample tubes were assembled

In the desorption unit and purged of air with helium. The sample was

then heated to 180"C for eight minutes and injected onto a Chromosorb 101

6 foot glass column at 80"C. After injection the GC oven was progranmneId

to 225% at 14" per minute and the sample chromatographed into the mass

spectrometer. The mass spectrometer parameters were as follows:

Scan Range 20 - 450 AMU
Scan Rate 2.95 seconds/scan
El ectron Impact 70 ev

One large early eluting peak was present in all of the samples

collected both inside and outside the CPG. It was not present in the

blank. Since the peak was present in sampies collected both inside and

outside the CRG, there apparently is a contaminant present in the ambien t

air at Fort Bliss, Texas. The spectrum of this peak is presented in

Figure 3.4. The spectrum could not be identified using either computer

searches or manual interpretation. This suggests that the peak is

actually a mixture of compounds. Since the -7eak is not produced by the

PATRIOT Heater/Air Conditioners or the CRG, it is of no concern to this

investigation.
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The peak was typically present in higher conce,,trations in the

inside of the CRG. TLis, however, is not surprising. All of the

surfaces in the Heater/Air Conditioners and in the CRG have probably been

exposed to this contaminant most of the time they have been at Fort

Bliss. During the tests the Heater/Air Conditioner and the CRG were

heated to the highest temperatures they have been at in months. It is

highly plausible that this would cause a release of contaminants which

had been accumulated from the air.

Small amounts of, some aromatic -o-pounds were found in the

CRG. Benzene was found at concentrations near the detection limit for

the method. Small amounts were also present in the blanks. The highest

concentration of benzene was found in the first hour sample from unit A
in the cooling cycle (sample A-C-I-P-l). The cuncentration in this

sample corresponded to an airborne benzene concentration of 0.07

mg/m 3. This is over 400 times less than the TLV for benzene.

Toluene was also found in low concentrations in certain

samples. Toluene was not present in the blanks. The highest

concentration was found in the sample from unit 8, hour 4 in the heating

mode (sample B-H-4-P-1). The concentration found was 0.46 mg/m 3. This

is over 800 times less than the TLY of 375 mg/m 3 . The data for ben: :ne
and toluene are presented in Table 3-12.

A number of compounds other than benzene and toluene were also

identified in the Porapak N tubes. The compounds are listed in Table

3-13. These compounds were found in small quantities, and they all have

fairly high TLY's. The compounds wrie fo,-nd both inside and outside the i

CRG, so they are prooably contaminants in the ambient air at Fort Bliss.

Typical chromatograms for the samples are prosented in Figures 3.5 and

3.6.

Acrolein is a potential contaminant which has received

considerable attention throughout this study. We used mass chromatograms
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TABLE 3-12

DEEzE AN T.ULUE IN Ali (8/,,)

SAWLE CODE BENZENE TOLUENE

A--I-1 (in) 0.04 0.06

A-MA-i-P-1 (out) 0.03 0.0IS
Se~~~-4-1-P-i (In1  ~4oz

B-410)0.04 0.26

a-MA-i-P-1 (out) 0.06 0.12

A-C-l-P-1 (In) 0.07 0.33

A-CA-i-P-1 (oit) 0.04 0.04

A4--4-P-1 (On) 0.02 .0.06

8-44-P-1 (in) 0.03 0.46

A-C-I-P-1 (blank) 0.04 No

pD
. 'C

NO - Not Oetected.

v..

.'A
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TAML 3-13

xiscELLANEOU c*IoIWm s IN POWAAK TUBES

SAMPLE NO. IDENTMT SCAN NO.

A-M-i -P-1iE 304
A-H-i -P-1 meth~y1 cyciopentane 318
A-M-i -P-1 3-.ettWybitanoi 375
A-M-i -P-1 2-mettyIpentane 331
A-HA-i -P-1iE 308
B-H-1 -P-i1E 307
B-H-i -P-i Mattiyi cyciopentane 317
B-H-i -P-i Cyciohexane 332

*B-HA-i -P-i MEX 306
B-HA-i-P-i Metfyl cyciopentane 317

B-H-i--iCyciohexane 332
A-C-i-P-i MEX 305
A-C-i-P-i Butyl acetate 394
A-C-i-P-i Possibly xylene or ethyibenzene 506
A-CA-i-P-i Acetic acid 298
A-CA-i-P-i MEX 308
A-CA-i-P-i CS hydrocarbon 3.18

10A-H-4-P-1 E 313
A-C-i-P-i Acetone 257
A-C-i-P-i Acetic acid 302

MEX methyl etlhyl ketone (2-butanone)
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to scan the data for the presence of acroleln. Acrolein would elute

under the peak due to the Fort Bliss contaminant itf it was present. The

total Ion current chromatogram normally displayed as GC/MS output would

not show a peak for acrolein even if it were present. We therefore used

computer reconstructed mass chroatograms to scan for the presence of

acrolein. A masz chromatogram plots the Intensity of one ion versus time

"while a total ion current chromatogram plots the intensity of all tons

versus time. If one ion, characteristic of a particular compound, Is

absent throughout a chromtogram; then the compound is not present In the

sample. Acrolein has characterfstic ions at masses 56 and 27. A mass

chromtogram for an acrolein standard containing a propanal contaminant

is presented in Figure 3.7. The acrolein peak is at scan number 250

while the propanal Wek is at scan number 258. Both compounds have

characteristic ions with masses of 27, so there is a peak for both

* compounds at mass 27. Propanal, however, does not have a characteristic

i ion with a mass of S6, so only acrolein causes a response at mass 56
This standard contained ore microgram of acrolein. The peak height at

mass 56 was 18640 counts.

The, contaminant present in Fort Bliss air also has an ion at

mass 27 but does not have an ion at mass 56. The area under the

contaminant peak was scanned for the presence of mass 56. A typical mass

"chromatogram for a sample is presented in Figure 3.8. It is clear from

"this that acrolein is not present. The responses at mass 56 are around

1r the noise level of the instrument. The highest peak observed at mass 56

was 401 counts. Assuming (probably falsely) that this peak was due to

the presence of acrolein, the calculated amount reaching the mass

spectrometer is 0.022 ug. This corresponds to a airborne concentration
3of 0.004 mg/m , which is a factor of 70 less than the TLY of 0.25

3mg/M3. This confirms the re-sults of Section 3.3.1, Acrolein in Air.

No acrolein was present in the air in the CRG at Fort Bliss.
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All of the samples from the hour on. sapling were analyzed.

The samples taken inside the CRG during hour four for both units were

also analyzed. The data collected up to this paint indicated that no

useful informaton would come from analyzing the remainder of the

samples, so they were not analyzed.

The recoveries of the surrogate spikes were variable. The

results are presented In Table 3-14. The blanks had both been chipped

during the sampling trip, so both were exposed to the air before

analysis. This could have resulted in some losses. For the samples the

recoveries of d-3 acrylonitrile ranged from 0 to 56%, while the

recoveries of fluorobenzene ranged from 61% to 103%. The inconsistent

recoveries could be due to variations in the temperature during sampling,

variations in the humidity during sampling, or variations in the flow

rate through the tubes during sampling.

In conclusion, the Porapak N tubes ,did not detect any

significant contamination coming from the CRG of the PATRIOT Heater/Air
Conditioners. Small amounts of benzene and toluene were present. The

Porapak N tubes did detect a compound (or compounds) present in fairly

high concentrations in the ambient air at Fort Bliss.

3.4 Conclusions

The samples taken at Fort Bliss were analyzed for a broad

spectrum of irritants ar J toxic compounds chosen by the Investigative
Team. No irritants or toxic compounds were detected in the CRG at Fort

Bliss at hazardous concentrations. All materials were found at

concentrations well below their Threshold Limit Value (TLY). Most of the

materials found in the CRG appeared to be contaminants present in the

ambient outside air at Fort Bliss.

The sampling team visually inspected the CRG and the PATRIOT
Heater/Air Conditioners at Fort Bliss. They found evidence that unit SN

81013 overheated at some po!nt in the past. This is the unit which

caused the original incident.



IMLE 3-14

5 E~~COMEES OF VSPIE

ACRYLOWITRILE FLUCROGENZENE
SAMPLE A RECOVERED 3 RECOVERED,

A--H-i-P-i (in) 0 81

A-MA-i-P-i (out) 0 as

* -H-i-P-i (in) 36 77

B-HA-i-P-i (out) 44 9

A-C-i-P-i (in) 0 85

A-CA-i -P-i (out) 56 103

A-H-4-P-i (in) 0 61

UB-H-0-P-i '(in) 0 94

B-H-i-P-i (blank) 36 75
AlA-C-i-P-i (blank) 67 137

k- 9 3
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4.0 VALIDATION OF NIOSH ETHO P&•CM 211 - ACROLCW IN AIR

The performance of NIOSH Method P&CAN 211 with respect to detection

limit and efficiency of sorption of acrolein In air was investigated. To

determine acrolein in the atmosphere, air is drawn through two midget

imingers containing 1% sodium bisulfite (MaRSO 3 ) solution. krolein
is determined colorlwetrlcally after reaction with 4-hexylresorcinol in

an alcoholic trichloroacetic acid solvent midum In the presence of
mercuric chloride. The absorbance of the blift colored product, heving a

strong absorptio 1i maximum at 605 m. is read in a spectrophotometer.

To establish the lowest concentration of acrolein which may be

distinguished from zero, a series of seven measurements of one microgramm

acrolein standard solutions were made. This is presented in Table 4-1.

The detection li•it was defined as the concentration of acrolein which

would yield an absorbance equal to twice the standard deviation of the
omeasurements of the dltute acrolein standard solutions. A detection

limit of 0.07 mg acrolein/ 3 in a 50-liter air sample was calculated as

follows:

Twice the standard deviation of the absorbances of the seven
replicate 1 ug acrole.n standards equals 0.010 abs. units. 0.010
abs. units is equivalent to 0.9 ug acrolein.

0.9 ug acrolein X 15.0 ml total absorbing solution volume
*4.U ml absorbing solution 50-liter air sample

taken for analysis
--0.067S ug/l - 0.067 mg/m3

NIOSH reports a '...ection limit of 0.023 mg acrolein /m3 in a 50 liter

:air sample. The detection limit calculation used here has been referred

:to by others as the sample and blank definition. It is the lowest

ýconcentration of acrolein which can be distinguished frcn the blank with

95% confidence. This calculation is similar to the method detection
limit recently defined by EPA. 4

4-1 U
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TABLE 4-1
ACWI.EIN DMTECTION LIMIT

Standards Absorbmnce at 605 ra In 1 cm cells

l ug 0.015
I ug 0.023
l ug 0.010 i * 0.15

'41 ug 0.016 S5= 0.005
l ug 0.022
1 ug 0.010
I ug 0.011

STANDARD CURVE

Standard (ug) Absorbance
.1 0.015

2 0.030 Slope - 0.011
5 0.065 Intercept - 0.008

10 0.139 Correlation • 0.9955
20 0.215
50 0.358

25 0.01Detection Liwlt = • 0.91 ug

10

I

*1

.p p
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Efficiency of collection of acrolein is reported to be approximately I
95% when two ,'apingers are used in series. The NIOSH procedure suggests

an air sampling rate of 2 liters/zin for a duration of 60 minutes. To

determine if acrolein was stripped from the 1% MaHSO3  impinger , 6

solutions, ten replicate solutions of 11 MaHSO 3 were spiked at 0.5 ug,

1.0 ug and 2.0 ug acrolein. Five solutions at each spike level were

sparged with air for 60 minutes at a rate of 2 liters/min. The remaining

five solutions at each spike level served as controls ar&d were not

sparged. Colorimetric analysis of each impinger solution showed that no

losses of acrolein occurred during sampling (see Table 4-2).

A similar, but smaller, scheme was performed to Juplicate Versar's

sampling technique where air is sampled at a rate of 1 liter/main for a

duration of 60 minutes through two midget impingers. The results of this 011

study are shown in Table 4-3.

It appears that no acrolein is stripped from the 1% NaHSO3

absorbing solutions. The detection limit calculated by Versar is three

times higher than that reported by NIOSH, but still significantly lower "-'

than the tlreshold limit value of 0.25 mg acrolein/m3 . It should be

noted also that the data indicate that the reported detection limit is

probably a maximum value. The data from the controls on the stripping

experiments can also be used to calculate detection limits. For the

experiment at 0.5 ug the detection limit found is 0.015 mg/m 3 . The

experiments at 1.0 and 2.0 ug give limits of 0.03 mg/m 3 and 0.05
mg/mr respectively. These can be compared to the first detection limit,

determination of 0.07 mg/m 3. It should be noted that the detection 0 :N
limits are lower in the siples with lower spike values, and that the

detection limits determined in the stripping experiments are all lower

than the original determination. There are probably two reasons for

tnIs. First, individual standards were prepared in the first

determination, while the stripping experiments used aliquots of one

standard, solution. Some of the variability in the first determination .

4-3
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TABLE 4-2

STRIPPING POTENTIAL OF ACROLEIN IN 1% M&HSO 3
(NIOSH TECHNIQUE)

CONTROL SPIKES ACROLEIN FOUND
(ug/g)

0.5 ug A 0.45
B 0.54 ,-0.50 ug
C 0.54 S 0.09 ug
0 0.36
E 0.63

SPARGED SPIKES

0.5 ug A 0.36
B 0.28 -0.43 ug
C 0.54 S 0.10 ug
0 0.54
E 0.45

CONTROL SPIKES

1.0 ug A 0.72
B 0.80 x=0.80 ug
C 0.54 S 0.18 ug
O 0.89
E 1.07

SPARGED SPIKES

1.0 ug A 0.89
B 0.98 i=0.80 ug
C 0.63 S =0.15 ug
0 0.89
E 0.63

I
4-4
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TABLE 4-2 (Continued)

STRIPPING POTENTIAL OF ACROLEIN IN 1% MaHS03
(MIOSH TECHNIQUE)

CONTROL SPIKES

B 2.38 i-2.01 ug I
C 1.77 S 0.28 ug
D 2.30
E 7.68

SPARGED SPIKES ACROLEIN FOUND(Ug)

2.0 ug A 1.77
8 1.77 x-1.89 ug
C 2.12 S - 0.28 ug I
0 2.30
E 1.51

4-5
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TABLE 4-3

STRIPPING POTENTIAL OF AMROLEIN IN IS MaHSO3
(YE~tSAR TECHNIQUE)

CONTROL SPIKES ACROLEIN FOUND
-. •, ( ug )

0.5 ug 0.54
1.0 ug 1.07
2.0 ug 1.94

SPARGED SPIKES

0.5 ug 0.45
1.0 u- 1.07
2.0 ug 2.03

y')"
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could be due to variation in the standards. Second, the analysts were

more experienced In the technique by the time the stripping experiments

were done. These observations indicate that the reported detection limit

of 0.07 mg/m3 is probably a maximum value. The validation work done

here leaves little doubt NIOSH Method P&CAN 211 as performed by Versar

will detect acrolein at levels well below the TLY.

Several procedural changes may be able to increase the sensitivity
of the NIOSH Method P&CAM 211. First, longer path length cells can be

used to increase absorbance values. Second, a decrease iný the immersion

time in the boiling water bath from 5 - 6 minutes to 3 - 4 minutes

increases color intensity. Finally, iumersion in an ice water bath for
approximately 10 minutes after removal from the boiling water bath also

increases color intensity.

X - I/r
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5.0 RECOMMMATIONS AND COW.USIONS

35.1 Swmary

go chemical irritants' concentrations approach the TLV level

for any air sample taken.

-7ý The outgassing experiments on the PATRIOT Heater/Air
Conditioner materials selected by the Investigative Team indicated that

no concentration of the chmical irritants found approached the TLV for

those materi al s.

Failure of some aspect of Unit SN 81013 would indicate very

high temperatures occurred at some time in the units use cycle.

The key missing thermal shield in Unit SN 801160 indicates a

quality control defect.

5.2 Recomended Actions

An Army review panel of perhaps ADA and the DARCOM Surgeons

Office needs to review the met-rials analysis and assumptions that were

employed in this study.

A detailed electrical and mechanical review of the Unit SN

"81013 should be undertaken to determine any design deficiencies that

could have resulted in its failure.

"A detailed review and upgrade of the quality control checks
requ4red in the manufacturing process sould be defined and implemented.

5.3 Conclusions

Based on successful review by the Arry of analysis and

assumptions used in this study, nothing has been uncovered that would

prevent the PATRIOT Heater/Air Conditioners from operating in High Heat

Mode provided they are operated in accordance with prescribed procedures.
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APPENOIX L

Report of Test - Internal Temperature Tests of the
18,000 BTUH Split-Package PATRIOT Air Conditioner
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REPORT OF TEST

Subject: Internal Temperature Tests of the 18,000 BTUH Split-Package
PATRIOT Air Conditioner

Contract: DAAK70-81-D-0109, PJO 0300.039

Test Location: VSE Corporation

Test Personnel: R. Beahm and R. Sherfy

Test Dates: October 8 - 18, 1982

Report Writer. Robert B. Sherfy, Project Engineer

' Test Objectives: a. Determine critical internal air conditioner (A/C)

temperatures with return air blocked.

b. Investigate "quick fix" possibilities to minimize hazards
under adverse operating conditions.

BACKL;ROUlND~e

In Sab.iy 1982, several employees of Raytheon Corporation (prime

contractor for the PATRIOT Missile System development and production) were working

in a closed PATRIOT Co=mnications Relay Group (CRG) shelter in the Boston area.

They were adversely affected by an irritant which, it is believed, came from the

18,000 BTUH split-package air conditioner operating in the high heat mode on

the shelter. A Raytheon retained cnemical analysis company, Skinner and Sherman

S.Laboratories, Inc., and the VSE retuined chemical analysis company, VERSAR, of,

Springfield, Virginia, have found no conclusive ev'?,ence of an offending irritant

* in recent and exhaustive tests of other identical air conditioners.

In order to test the actual air conditioner (S/N 81013) which

reportedly caused the problem, several VERSAR chemical analysts and the writer

visited Fort Bliss, El Paso, Texas on August 23 - 26, 1982, where the suspect

"-• air conditioner and CRG shelter had been delivered. (See Trip Report by a. B.

Sherfy, Subject: Irritant Testing of PATRIOT Air Conditioners on CRG Shelter,

August 23 - 26, 1982.)



Prior to testing and chemical sampling of S/N 81013, an in"pection

of the unit through the right hand fresh air opening revealed evidence that this

air conditioner had been extremely overheated at some time. The right hand drain

hose, located below the heater assembly, had melted to the extent that it was

badly misshappen and flattened on the bottom where it rested on the unit bottom.

Furthermore, the hose top was scorched and had a hole melted or burned into it.

The black foam cabinet insulation was surface crusted where it was close to the-4

heaters but not protected by reflective material. Several of. the teflon bushings,'

which cushion the electrical heating elements from their mounting bracket, had

partially melted and were found in the bottom of the unit. Later, the air

conditioner operating in the high heat mode did not appear to produce the normal

amount of heat, indicating that some of the heating elements may have been burned

out or that one of the over-temoerature switches tripped.

Consideration of these overheat indications led the writer to the

opinion that the only way this unit could have been made to overheat to this

extent is for the return air to have been severely restricted. This could have

happened from an extremely dirty return air filter or a loose piece of newspaper

or packaging paper sucked against the return air opening, located at floor level

in the shelter (See Figure 1). No remaining evidence of an occurrence of this type

existed inside the CGR shelter at Ft. Bliss. Following extensive air sampling,

S/N 81013 was removed from the shelter and shipped back to VSE for further

"investigation.

DISCUSSION

The over-temperature (O.T.) switches in S/N 81013 were tested to assure,

that they opened at reasonable settings to protect the system. Specified settings

are: open at 1500F +5°F, close at ll0OF +10F (drawing 13216E6224). Testing

was done using thermocouples located at the sensing disc of each switch and an

electric heat gun to heat the switches. Although the setti.ng of switch S2, the

2
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low heat O.T. switch was'not within specified tolerance, it's setting under the

unit operating conditions was probably of no consequence (See Table 1, Test No. 6).

The CRG shelter, at the time of the incidence at the Raytheon plant,

was located outdoors in very cold weather with the air conditioner operating in

the high heat mode. The fresh air intake duct is mounted on the right (curb)

"side of the air conditioner on this shelter (See Figure 2). With this configuration,

if the return air is severely restricted, a large quantity of cold, fresh air

- is induced into the air conditioner, bathing the over-temperature switches in

. cold air aud preventing them from sensing the true temperatures in the inner

evaporator compartment. Therefore, they will not turn the heaters off and cannot

"protect the heaters or evaporator compartment materials under this abnormal

operating condition.

"Our first test simulated this operating condition on an identical

air conditioner (S/N 801185) with a blocked return air opening, and cool air

entpring the fresh air intake. Dry ice in a fabricated intake cooling box kept the

fresh makeup air cool enough so that the over-temperature switches never tripped

during tests I and 2. S/N 801185 was instrumented similar to previous units tested

,r for irritants at VSE with the exception of thermocouples 1, 10, 15, 16, 17 and 18

* (See List 1). Thermocouple #10 measures the right condensate drain temperature,

a point which appears to get hotter than any other in the evaporator section,

except for the heater a!aements themselves. Data taken during Test No. 1 is presented

in Table 2. This test was run in low heat, with the fresh air intake duct on the

right side of the air conditioner, and with the return air duct blocked various

amounts from wide open to ccmpleteiy closed. The drain tube temperature reached

322°F even under low heat operation. The last tim runs of Test No. 1 were with

75% of the return duct blocked and the fresh air intake completely blocked to

determine the fresh air cooling ability at the over-temperature switches and

*"• elesewhere in the evaporator. Temperature differences between the tests make it

3
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obvious that considerable cooling of the O.T. switches and other areas in the

upper right portion of the evaporator section results from cool air entering the

right fresh air intake.

Test No. 2 (Table 3) was similar to Test No. 1, but in the high

heat mode. A maximum drain tube temperature of 3860F was reached before the

heaters were manually turned off because of a burned rubber odor coming from the

unit.

Disassembly and inspection of S/N 801185 following these tests

revealed that' the right side plastic drain tube had melted and burned exactly

like the one found in S/IN 81013.

Mr. Frankln P. Good, MERADCOM Project Engineer for this air con-

ditioner, and the writer, discussed possible quick fixes to keep outside air from

affecting the over-temperature switches and to reduce temperatures at and near the

right plastic drain hose. After extensive consideration, two methods appeared

possible for a quick fix, and worthy of additional testing. One possibility was

a metal baffle to shield the right drain tube from heat radiation, which originates

at the heater elements and is reflected off of the reflective metal which Op

protects the foam rubber wall insulation. The other considered fix was a small

air deflector in the right side fresh air opening to deflect the incoming air

away from the O.T. switches and downward toward the right drain tube (See Figure 4).

Test Nos. 3 and 4 were performed (with limited thermocouple locations) to determine

critical temperatures with various combinations of drain baffle and fresh air

diverter. Test No. 3 used the fresh air intake on the right side of the unit and

Test No. 4, a left fresh air intake. Note that the air diverter would serve

no purpose in the left air intake opening because of Its distance from the over-

temperature switches and the right condensate drain tube. Therefore the diverter

could only be used for an air conditioner with the fresh air intake installed on

the right side. Results of these two tests are presented In Tables 4 and 5.

4
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Test No. 5 was used as a control tast with no fixes installed, but

with the return air completely blocked again to verify temperatures at the drain

tube and O.T. switches. Temperatures very similar to previous results were found

with a drain tube high temperature of 38507 (See Table 6). List 2 indicates

instrumentation used for all tests.

RESULTS: 3xception for the heater elements, the right condensate

drain ajppears to be the hottest component (within the evaporator compartment),

which might be adversely affected by high temperatures under very restrected

return air conditions. Tests indicate a repeatable drain tube temne-'ture of

approximately 385OF with the return air completely restricted, z;ýa the fresh air

intake duct on the right side. Over temperature switches generally will not

trip with outside air temperatures below about 68°F.

Under the same conditions, but with the fresh air intake on the left

Sside, the over-temperature switches repeatedly tzipped, limiting the right drain

tube to about 3070F.

,* Unless the return air duct opening is restricted more than 90%, no

excessive temperitures are evident in the evaporator c.wp•artment.

When the return air is completely blocked, evaporator fan operation

is extremely unstable with air flow coming out of only one fan discharge, and a

slight air flow entering the other fan discharge. At Limes this flow would reverse

between the two fan outlets, creating entirely new flow pattezns in the evaporator

compartment.

The installation of the baffle reduced the drain tube temperature

Sby about 115 0 F to a high of 270°F with a normal fresh air intake on the right side.

-' (return air blocked). With a left side fresh air intake, high temperature of the

tube was about 307 OF.

5.



The fLesh air diverter did an excellent job of deflecting the cold

air away from the O.T. switches, and kept the right drain tube t|mperature from

exceeding 16001. However, the diverter is not usable with a left air intake duct,

and the drain hose attains about 307OF in this configuration before the O.T.

switches reduce the heat. tp tr

CONCLUSIONS: With the return air hlocked, temper tures of

degradable materials inside the air conditioner can reach critical temperatures.

As an example, the Tygon tubing, which has a normal maximum workig temperatureI

of approximately 180 0 F, actually reached temperatures of around 38507 under th's

severe operating condition. In addition, the lower right rear Jal reflective

metal reaches about 3400F under the same condition. This metal is adhered -

directly to a synthetic foam insulation material, which can also ýe adversely

affected by temperatures in this range.

These extraordinary internal temperatures can only' be caused by

a severe restriction of the return air.

It is the opinion of this writer that no easily applied "quick

fix" to the air conditioner will offer adequate protection to internal materials

of the evaporator section. However, a program, including an engineer change

proposal (ECP82HE0387), initiated more than eleven months ago to.correct an

unnecessarily high heater element failure rate, has the ability to completely

protect the unit, regardless of careless external blockage of the! return air.

This ECP changes the bare heater elements to finned elements, drastically reducing '.,

their surface temperature, and therefore the resultant radiant heat. At the same

time, the over-temperature switches are relocated to be more responsive to heater

and internal temperatures, and less affected by fresh air intake.

S
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I RUECCUltZ•DA7IONS:

/ !1. Provioe a method, within the shelter, to prevent the blockage

of the return air filter (but still allow for easy filter cleaning).

2. Investigate an alternate drain tube material, such as silicone,

which is more temperature resistant than the existing plastic tubing.

3. Immediately implement ECP82HE0387 for redesigned heaters, to

Include retrofit of existing air conditioners.

N
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FRESH AIR DIVERTER AND DRAIN TUBE BAFFLE
INSTALLATION IN 18,000 BTUH SPLIT PACKAGE

AIR CONDITIONER (SECTION THROUGH FRESH AIR INTAKE)

STO

• .,,T/INSULATION

OVER-T,-PERATURE (OT) SWITCHES

AIR CONDITIONER RIGHT SIDE

FAN
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PLACE4ENT OF THERMOCOUPLES FOR TESTS 1 AND 2

1. Fresh air inlet. Placed in Fresh air filter. No Epoxy.

2. Return air. Placed in intake duct. No epoxy.

3. Exit air. Placed in discharge duct. No epoxy.

4. Thermal bulb tape (insulation tape). Imbedded in the thermal bulb tape,.
a few inches to the left side of the heater. No epoxy.

5,6,7&8. Rear Bulkhead. Four thermocouples places left to right across the rear
bulkhead, attached with epoxy to the reflective aluminum, six to nine inches

* off the bottom of the unit.

9. Rear bulkhead. Attached with epoxy, rear bulk~iead, approximately two inches
from the bottom of the unit, and two inches from the right side.

10. Tygon tube drain. Located against the right drain tube. No epoxy,.

11. Right wall rear. Attached with epoxy on the right side wall on the reflective

aluminum, six to nine inches from the bottom of the unit, near the rear
corner.

12. Right wall. Attached with epoxy on the right side wall on the reflective
aluminum, directly to the right of the hearing elements. Approximately
two inches from the bottom of the unit.

13. Right wall rear. Attached with epoxy to the right side wall near the rear
. corner. Approximately two inches from the bottom of the unit.

14. Rear wall. Attached with epoxy to the rear wall insulation near the right
* corner on the cut out for the Riv nut. Approximately two inches from the

bottom of the unit.

15. Heating element. Wired to low heat heating element. Thermocouple was not
attached with epoxy. Aantual measurement is an air measurement very close
to the surface. This is true for point 16 also.

", 16. Heating element. Wired to high hear heating element. See point 15.

17. Over temperature switch S3. Mounted against front O.T. switch disk for high
heat control. No epoxy.

18. Over temperature switch S2. Mounted against rear O.T. switch disk for low
heat contro. No expoy.

LIST 1
SL~zs -i



INSTRUMENTATION

The following instrumentation was used for all testing involved in this report.

Current Transformer, Weston Model 461,,MERADCCH CT #6B.4
Current Transformer, Weston Model 461, MERADCCH CT #6B.3

Wattmeter, Weston Model 432, VSE S/N 1481
Voltmeter, Weston Model 904, MERADCOM #4B.6
Temperature Indicator, Thermo Electronic Model LLPH3, VSE S/N 0209,

18 point digital temperature indicator, 10 resolution, 1% accuracy,
used with chromel-alumel thermocouples

LIST 2



I

93 96 0 0

.. = ý= %a..

-44

I* if I
@1n

=

.*C
CU

t V-•
go bI

cc Cda



H=-m I% o% m% en inPf 0 %0~ ( 0 00 M Go

.4 v-4 P4I r4.04. ý4.4

.4 0% 0% T 0% 0 O S t 0 .4 h~ -Ar

P-4 -N ýi4 v 4 - 4-4P4

.4~~ ~~ ini 0n 04 (4a . . 0S

INMG IVMAal -ýrf-. a m 0i-%a

'IMns flo rm mw%0-4-

4. -1.4.- q- 4 4 -- 4

o SU.I UN 71P~ 3.N 1~ .- ~ -4 -4 -4 iSi' 0 % --4 -- I N f' -

C_ 4 &A 4 Mr, 0 NM-ev-
N SuH MS TM I'C 0. 4 S (4~ -0 -TS

-- 1 -4 -4OI -4 -4 -4 -4.4 4 --f

ml ITm lora -4 m0 ens %- 0 aS go .4 f C4r.0 l
-4 ý44 -4 r- -4 t4 " - N4 4-

I0OI1T!h-4 M
mo~ju 4 en 0

-. 4C .4 C4.4c"-4 "4 C4 .'

r-4 14. -4 .4 -4 4 -4.-0-4 5.4

3.47!~ý en e400 r- N t 'a% %I" -hr%

-4 -4 .4 ý4 -4 -

!ý u a- 0- 100 0'00% a Sm0% 0% ý
- -4- .4.4 -- 4.4.q4 44 - 0

akC 01 10 0%Nf" -4r t4 NOi- ID
-4 -4-4 - -40 4 C4- 4-4-

-- 4 V4f C4 - it -7 $A WnC 0 "% I 1 04 NM -

NI -4- -4 .HS4U -4 C4 0 0i4 in-..-44U4

*f cci go 0''0'r 50 0 Go0%40

-mc a.im4.n..4 ". N 4 N 4 -4-

C-. fn - . .4 -4 -4 .4 cm 3

0 0
-4 -4- 4 -

lIDr W -'

000

o40 0 .0

0-4J
to v

cI~0S.*0 Ond

p -.. 0 0J9J 0
JJZ CJ4 d ad4 w dwCdww w

CJ0nCca.) 0e'wIn0C 0 u0



H=4M -t- UM ~ % ~-

.4 % r. 0o40 CO a

IM', No(' " 40%040

C4. 04 CtN -- eV

0 mlj rim MMU- .-4 g.a~sr o
04 (4 4 -4 04-M

("Ca -- -At V4 f00-i

0 -4 -4 -4 .4C4 C4

-ni ix .0 ý Cc en 0%~q

o -T -- ; ? CDa olc

j.4 ~ ~ ~ C -4 C4f*Y~l en~0.-

- 4 C4 4q404 C-4 en(
020

0 -0

C'4 CDTM.~X 20" W, W, NO 0%

do~ 40 0flf(q a

el InP-.-I

*ý CS .
ca a. -4 -4 0 00 00

ad C6w00-4 -4 -4

UT, Wi cc

cc Q
m* T', =S 00r nQt

-- o .4 W

*~~~ 0 0.

0 %n a : 0 r's

0 C44 w I( 0 -4

4;..O 20
$4 ai )-



co Nd %a (a fl% cc doo 01 -4 -e el~ f"4 4 %0 00 (

V-4m ý4 LNOI ý4 V4 . q- 4 . l --4 -4

EMIAS~ -1- JK- 04C 0%w oC C4 -r inW 4 ý. ( -t I 0% (z C4
.01 . 4-44 "4.4 -4 -4 .4-4 14 10 -4

a f-2a 0%0% 000en 4 M (n0 rafin0 % T%

14 -4 .. 4- P4v4 "4.4 -4( (NCý"4 -4 P-4-

Im imJIV 0% 40 ý r. 0% I90% 0%0% o 000% C4 r%%C

0iGo 0%000 1-at 0% P4 -1 C4 cc %n
ý4. ý 4ý4ý - 4 -4 .- 4 `-44 1.4 4 14

0. Uca.uv ~-~

b.OC C2.000 moo00,0000009 000a8F000

qn~~ 44ink

P4-4

en a,"f.~ cnI-t"4-1C"c O 1" "en e4t

e4C4C4C4 . .. . C4C- 0 C

C6 .___ca cni r % , 0N . Qr WM-nn'

:3 :34V3V

0. P-4 P.-4 -4 04

aia

4 L4 0 ý4 !-4 E4 f-

tn -dW ==

o (30

-4 16J--
Li to'-4

(3 00 r.

LJ~Ja r. OCz~OO

4J ~ ~ 0 Z0U(U0 C l0 000W 0 000 0 0cow0
0_______ C DU. 4ý j C 4j. 4j. . .cn~ ~ ~ Z -%04



cc 'e0 0 e

v-4~ -4 -4 04

V4 .4 -0 -46

r.- P% r% I'-
I..

U3 I
i0 00

I.ti in Ind 0 UI

U)3

J 0..J 0.

).44

> P-4 0--4 -4 -4

W -4 u u

W .4 z -4 2 44
P-. 4 od94 o

OC. 0

-r-.---



iaIMS x0 Mon 0.4 -. 4 0% 4 -TN 4 CnW%" 4 fn &M10

02 BOIMS *J*O JNOU V- 00-4 M 14 f" 0 0-4 C4 -tP n -4C4.4r 0

z @-1 4 -4 4-4 -4p14 -.4 04 P4 04-4 4 -4

41

0 0.4 0 - CI

0-4 C4 C" -4 t4-04 f" "q C4 C f" 040

IIwo
0M IM Ja C 4 0% 4

14~~~~l~ ".1'- 4ý4-1 4-4 4ý

:I 0 a% ' Qa % Z

004

U)0 0

0 4 4C4 C~4C4C4 .(( . .C4

1-4

4-4 -4 -4 e. nV2i

SMOMO . 00m

b)~ %4-4 cc) r4 ok zz z zz

4-4 b- -4 14 4

~~4C .4 .. 2 -

20 (2C.J w -E- I--4 F-4 E-'F-44E-FC-'E-4E-W. C-4 -
c.a ý- . %

to od -C

4J q4 U 41_ _ _ _ _ _ _ _ _ _ _

0 0 14 JJ~ 41______________________

00 31a 0

to 0 4 i0. . 00 A4oo oo 00
2~~ ~~ o ci-~. ~5



-4 -4P4- -

4 C4 LcnI

0'40 0f

-4 I
aad

0-40

1.4 1- CdI
P4U

4 6-s 54 E-

adW -

- -4 Q~

t4 ccL~ -.q

cnn



APPENOIX N

Minutes of Meeting - 19 October 1982

V

7,.

.Ui!



T/

DEPARTMENT Of THE ARMY -

US ARMY MOUIUTY EQUIPMENT RIESEARCH & DEVELOPMENT COMMAND
PORT IELVOIR. VIRGINIA •U

DROME-.EPAT GEC 13 1"82

MEMORANDUM FOR RECORD I
SUBJECT: Minutes, Meeting to Review Results of Final Phase of Irritant Testing

of PATRIOT Production Air Condit-oners, UII, 19 Oct 82.

_ __I_ _ _ _ _ _ _ _ _ II•

1. Short Concise Synopsis of Mee ting: The results of following were discur.sed:
a) iFnvestigative team inspection of two (2) Patriot Production Air Conditioners, b)
materials evaluation, c) sampling, d) observation of CRG Shelter at Ft. Bliss,, and
e) air sampling analysis of the CRG Shelter. Representatives from.Patriot Missile
Office, Raytheon, Army Environmental Hygiene Agency (AEHA), DARCOM Surgeon General,
VSE, VERSAP. Skinner and Sherman, antd MERADCOM were in attendance. It was concluded
that no suspectid chemical irritants for which tests were made (e.g., acrolien,
cyanide) were emitted from the Patriot Air Conditioner when operatling in the high
heat mode and that it was safe to operate in the high heat mode of operatior.

Also, the results of an investigation into possible 'causes fc-r overheating
of Patriot Air Conditioner S/N 81013 were discussed at length. 3/N 81013 is the
air conditioner that was mounted on the CRG Shelter in which Raytheon personnel
became ill during April 1982. It was demonstrated on another air conditioner
(S/N 801185) that by blocking the return air, the overh~eated condition of S/N 81013
could be duplicated. This was confirmed by comparing materials removed from
S/N 81013 to that of S/N 801185. It was concluded that somehow the return air duct
in the CRG shelter must have become clogged/closed-off accidently. while the Raytheon
personnel were working in it in April 1982, thus causing the overheating.

It was agreed th~at MERADCOM would: a) forward a message to PATRIOT MissileI
Office (PMO) indicating that the Prioduction Air Conditioner was safe to use in
the high heat mode as long as return air flow is not blocked, b) recommnend to the
PMO that all tags should be r-moved from the Air Conditioner so that the air
conditioners can be used in the high heat mode, and c) request that Raytheon add
a warning label in the shelter against blocking the shelter return. air ducts.

2. Personnel Present: See attached list.

3. Discussion:

A. VERSAR provided a review of their draft final report *Patriot Heater/Air
Conditioner Investigation: Results of Implementation of July 21, 1982 Recormmendaticuns", q
dated October 4, 1982. Copies of this report had been distributed the week of
4 October 1982. The report covered in detail the following:

.- p.
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1) Investigation into the various types of materials used in the air
conditioner. Five materials were selected that would require further testing due
to the amount used in the unit and their proximity to the heating elements. These
included the black insulating foam, therimal bulb insulating tape, adhesive for foam,
sealer for condensate trap, and tubing for condensate dr-iin.

2) Temperature survey of the air condit~oner a! it was operated in the
high heat mode. The maximum temperature was 247 F. witt the return air duct 50%
blocked off.

3) Air Sample Testing of the CRG Shelter at Ft. Bliss using Air Conditioner
S/N 81013 and S/N 801198. S/N 801198 was tested earlier at VSE Corp. with no
evidence of chemical irritants being emitted while operating in the high heat mode.
The target parameters for the sampling effort were as follows: Acrolien, Formaldehyde,i'%.
Cyanides, Amines, Hydrogen Chloride, Carbon Dioxide, Carbon Monoxide, Semi-volatile
organics, volatile organics, and aromatics. The sampling and analysis were in-s'
accordance with a draft plan dated 30 July 1982 and changes as result of comments
by AEHA, Raytheon/Skinner & Sherman, and MERADCOM. A proposed sampling 2xporiment
by Raytheon/Skinner & Sherman was not included because of insufficient time for
validation prior to the testing of the CRG Shelý2r at Ft. Bliss.

4) Inspection of Patriot Air Condition~er S/N 81013 upon its removal from
the CRG Shelter revealed that it had overheated. A ,tumber of teflon grornetts and .¶
the tagon drain tubing were either burned or had melted.

5) Outgassing experiments on She five selected materials which were sub-
jected to a maximum temperature of 280 F. It was agreed that the maximum temperature
found in the Air Conditioner would be increased by approximately 15% which would
establish the maximum temperature. At these teqrperatures, the results showed that
the concentration of the ccmpounds released would probably not reach hazardous levels. •

B. VSE provided a review of their investigation into the possible causes for
the over-heating of Air Conditoner S/N 81013. They showed that che inside con-
dition of S/N 81013 of burned grommetts and melted tubing could be duplicated by
blocking off the return air to the air conditioner. This vsas accomplished by
operating a similar production Air Conditioner (S/N 801185) in The high heat mode •
with the return air duct completely blocked off. Since there was no air moving
across the heater elements, the heater elements reached their maximum temperature
in a matter of minutes. The unit was shut down and an inspection revealed grommetts
and tubing very similar to those found in S/N 81013. VSE showed that the April 1982
incident at Raytheon with the CRL Shelter could have been caused by some foreign 'J

object (drawing sheet, coat, etc.) falling in front of and clogging the shelter
return air duct. The return air duct is located about I" off the floor of the
shelter and would be vulnerable to something like this happening. A copy of VSE's
report on this investigation will be part of t-: final report on this phase of
Irritant Testing..

C. Raytheon/Skinner & Sherman indicated th, t the results of their analysis "

was essentially in agreement with those of VERSAR's. Also, they had compared
material samples received from KECO via VERSAR and those material samples removed
from S/N 81013. Skinner & Sherman concluded that the material was essentially
the SamE.



D. AEHA indicated that they had not analyzed any of the samples as agreed to
I by the plan of test. However, they considered the approach, experiments and con-

clusion of the VERSAR's draft report to be valid.

4. Conclusion: It was concluded that:

A. Nothing had been uncovered (based on the list of suspected irritants) in
the testing and analysis of Patriot Air Conditioner/Heater that would prevent it
from operating in the high heat mode; that the Air Conditioner/Heater is safe to
use in the high heat mode provided the return air flow is not blocked.

B. A warning sign should be incorporated in the shelters that warns against
blocking the shelter return air ducts.

P C. There should be an increased QA surveillance at the contractor's plant.

Poor quality of workmanship was exhibited in a number of the Air Conditioners/Heaters
that were inspected/tested.

0. All Air Conditioners/Heaters that have been delivered prior to the incrnasEd
QA surveillance shculd be re-inspected.

E. The over-temperature switch on the Air Conditioner/Heater should be relocated
to a position where it wnuld not be effected by the temperature of the make-up
air. It should be located where it can sense the temperature of the heater eletuents
and shut down the heater if an over-temperature condition developes.

L FOR THE COW~ANDER:

ROBERT M. MCKECHNIE GEORGE F. SAMS
DPO, PATRIOT Support PATRIOT Support Office
Project Office

1 Incl
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19 Oct 82

MEETING ON IRRITANT TESTING
OF PATRIOT AIR CONDITIONERS

NAME ORGANIZATION PHONE 3
Robert N. W.Kechnie MERADCOM-PATRIOT 703-664-5871

Robert S. Brantly, Jr. MERADCOM-PATRIOT 703-664-5871 1
James L. Hule PATRIOT PROJECT 205-895-3530

George F. Sams VSE Corporation 703-664-5871

Haldean Dalzell Skinner & Sherman Labs 617-890-7200

Donna Doganiero USAEHA 301-671-2259

RGbert J. Valis USAEHA 301-671-2208

John Richards VERSAR, Inc. 703-750-3000

Richard Ronan VERSAR, Inc. 703-750-3000

Neil B. Jurinski VERSAR, Inc. 703-750-3000

Larry Somes Raytheon Co. 617-274-7100

Charles Carter VERSAR, Inc. 703-750-3000 1
George R. Edlin MICOM - Test Lab 205-876-4476

Felix Bivens PATRIOT PROJECT 205-895-3654

LTC Ken Yorpahl DRCSG AV 284-9470

Robert B. Sherfy VSE Corporation 703-960-4600

Franklin Good MERADCOM 703-664-6031

Ralph Hursey MERADCOM 703-664-5163

Robert R. Caldwell VSE Corporation 703-960-4600

Bryan Lorge MERADCOM Safety 703-664-2681

John E. Waddick MERADCOM 703-664-5871

Ceorge Esposito USAEHA 301-671-2208 )
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APPENDIX h

VERSAR Report (Draft Final Report) "The Role of TFE Gronmmets In
SPATRIOT Heater/Air Conditioner - Shelters Irritant Gas Incidents*
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DRAFT FINAL REPORT

THE ROLE OF TFE GROW4IETS IN PATRIOT
HEATER/AIR COND ITIONER-SHELTERS

IRRITANT GAS INCIDENTS

I Submitted to:

YSE Corporation
2550 Huntington Avenue

Alexandria, Virginia 22303

Attention: Mr. George Sams

Versar No. 787

Submitted by:

YERSAR INC.
6850 Versar Center

Springfield, Virginia 22151

January 20, 1983

Revised February 7, 1983
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EXECUTIVE SLD'!tAY

MERADCOM has iy-en investigating the source of irritant gas

production in PATRIOT Heater/Air Conditioners - shelters since the,-

original reports at Raytheon in April 1982. During this investigation

over 1,500 samples have been analyzed for a number of parameters.

Extaust air from the PATRIOT Heater/Air Conditioners has been monitored

for hydrolyzable fluoride, hydrogen cyanide, hydrogen chloride, acrolein, i

formaldehyde, organic amines, sulfur dioxide, carbon monoxide, carbon A.
dioxide, some semi-volatile organic compounds and volatile organic

comprunds. None of the samples taken before the Fort Bliss hydrolyzable

fluoride tests had any material identified at a sufficiently high

concentration to explain the personnel symptoms. This report is a

summary of the role of polytetrafluoroethylene (MTE) grommets in the

PATRIOT irritant gas incidents. The report details the incident 3

November 1982 at Fort Bliss, the absence of hydrolyzable flucride in

seven shelters with gronmetless heaters, and lastly, a detailed

reconstruction of the original incident. The reconstruction of tVe

incident was accomplished in the laboratory on a single heater rod, in a

stand-alone Heater/Air Conditioner and lastly in an actual CRG/ICC

shelter. TFE grommets used in the PATRIOT Heater/Air Conditioner-CRG/ICC

shelter have been shown to thernally decompose to a sufficient extent and

in a short enough time to produce a concentration of WTE decomposition

products that could produce the chemical irritation reactions 'escribed.

After removal of these grommets, hydrolyzable fluoride, the major TFE

decomposition product monitored, was not observed.

Grommets have been removed from all units. In virtu.Jly every case

(some 30 units investigated to date) major lWE loss was observed. The

standard Army issue M8 chemical agent alarm was used to monitor the air.

It can detect the decomposition products of TFE, but it is not sensitive

enough to be useful. TFE grommets should not be used in direct contact

with the heater rods o- in any environment where the temperature is high

enough to decompose the TFE. Decomposition of TFE will begin between

A'-7A........ , :
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392F and 5727F.( 1 ) NIOSH recommends that 'exposure to the

decomposition products of fluorocarbon polymers be controlled by the use

of engineering and administrative controls and by strict adherence to

work practices that will minimize worker contact with pyrolysis products

of fluorocarbon polymers or with potentially pyrolyzable dust.,(I)
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OVERVIEW .:iI

A. Background

Army and Raytheon personnel were exposed to an Irritant gas during

the testing of the PATRIOT Army Air Defense System - CRG shelter in
R~dover, Massachusetts on 5 April 1982. Initial gas tests were conducted

by Raytheon/Skinner-Sherman and shortly after by VSE/Yersar in stand-

lore PATRIOT Heater/Air Conditioners. Different observations were made
ýy the two fnve.tigating laboratories. On 8 June 1982, a meeting was

called by MERADCOM to define and eliminate the irritant gas problem.

Present at that meeti ng were representatives of:

- MERAGCOM PATRIOT Office
- U.S. Army Environmental Hygiene Agency (U.S.AEIA)
- MERADCOM Safety
- DARCOM Surgeon Generai (staff were not present until actual

tests and report evaluation)
- Raytheon
- YSE
-, Skinner/Sherman
- Versar

'A plan was develcped that addressed all relevant target parwp.eters and

the most appropriate sampling methodologies. Standard sampling ;nd

analyticzl methods were used whenever possible, exceptions were discussed

and if used documented. This plan and the detailed report were presented
(16 July 1982) and reviewed (2Z July 1982). (16 July 1982 Results of

!Sampling and Analysis conducted on four PATRIOT Heater/Air Conditioners

at the YSE Corporation facility In Alexandria, Virginia.) No irritant
chemical was identified that was produced in sufficient concentration to
have caused the original incident.

iuring the review process a detailed set of chemical and engineering

evaluations were suggested. A sectnid plhn was developed, reviewed, and
implemented. This plan and detailed report were presented (4 October

1982) and reviewed (19 October 1982). (4 October 1982 PATRIOT Heater/

Air Conditioner Investigation: Results of Implementation of 21 July

i. "'e'
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1982 Recommendations.) At this meeting it was concluded that sufficient

data was on hand to begin the use of the PATRIOT Heater/Air Conditioner.

On Wednesday, 3 November '1M2, (before any official order to use had

been given) Army and Raytheon ,ta.ff working at Fort Bliss, Texas were

exposed to an irritant gas during the testing of the PATRIOT Army Air

Defense System - ICC Shelter (similar to a CRG shelter, but equipped with

two heater/air conditioner units). MERADCOMt on Friday, 5 November 1982

contacted Versar and asked that an appropriate investigation be under-

taken. This report is a summary of that investigation.

.B. Incident at Fort Bliss, Texas, 3 and 5 November 1982'

An industrial hygiene investigative team was disp.tched (reported on

Thursday, 4 November 1982 - team interviews Monday, 8 November 1982) by

MERADCOM to define the sxnosure prob!cm. A detailed account of that trip

is given in $-tion I.B. They found that seven individuals had been

exposed to some form of chemical Irritation over a period of two weeks.

The chenical exposures happened when t!,- heater was used. Significant

damage to teflon grommets of both heaters was observed. Coughing and

dryness cf throat are the most commonly reported effects first noted.

Other symptoms of slecplessness, sev,-e headaches, and chest pains #ere

"also reported.

Based on these observations and discussions with the AEHA staff it

was determined that the air would be m3nitored for hydrolyzable fluoride,
Schloride, sulfur dioxide, acrolein, contaminants detected by the M8

chemical agent alarm, organics trapped on charcz,<' tubes and organics

trapped on Porapak 4 tubes. The unit would be tested at low heat and

high heat, with and without grommets.

No chemical irritants were detected except hydrolyzable fluoride.

The fluoride concentration went from 0.01 mg/m3 to not detected after

¼ the grommets were removed. The 30 teflon grommets Jr the shelter lost

,A/ -/



over 4.5 grams of fluoride. This could have raised the internal

concentration of hydrolyzable fluoride to over 250 mg/M3 (using the
assumptions developed in the October 4, 1982 report "PATRIOT Heater/Air

Cond!tioner Investigation: Results of Implementation of July 21, 1982

Recommendations".

C. Hydrolyzable Fluoride Analysis in PATRIOT Shelters at Fort
dl~ss and Wite ands Missile Range After Grommet Removal

Based on the findinc of the investigation of the 3 November 1982

incident at Fort Bliss, TFE grommets were removed from all field units.

All units showed some signs of thermal decomposition of grommets. It was

decided, and concurred by PATRIOT Missile Office to subject all enclosures

to the same tests done on the 3 November 1982, Fort Bliss unit. This

plan was reviewed by US AEHA who supplied additional support equipment.

These tests were all conducted and no significant levels of irritants

were detected.

0. Reconstruction of the Incident Conditions

In detailed discussions with US AEHA and others it became apparent

to 4ERADCOM that a reconstruction of the decomposition of TWE grommets

was worthwhile. A three phase plan was developed with the advice and

help of US AEHA. This is discussed In Section IV. The phases are as

follows:

- Phase 1 - Laboratory Experiments
- Phase 2 - PATIIOT Heater/Air Conditioner Alone
- Phase 2 - Total Shelter

The labordtory experiments showed that the heater rod produced

significant TFE damage. The . products of this decomposition were

hydrolyzable fluoride (approximately 20 percent), particulate TFE and a
large number of organic flouride m3terials. The analytical methods and

target parameters were the same used in all efforts. Only hydrolyzable

Al-!
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fluoride would be produced in significantly high enough concentrations to

be detected. The experiments also showed that the M8 chemical agent

alarm did respond to the decomposition products of TFE.

In the, second phase samples were taken from a stand-alone PATRIOT

Heater/Air Conditioner and demonstrated a good correspondence between

hydrolyzable fluoride and M8 chemical agent alarm response and loss of

weight of TFE grommets. The study showed that the air conditioner alone

did not destroy TFE, but only under the normal conditions created when

approximately one-half of the return air was blocked. Lastly, the M8
detector response appears to be directly related to hydrolyzable fluoride

concentration.

In the third and final phase the concentration of hydrolyzable

fluoride, the air flow characteristics, and the M8 chemical agent alarm
response were investigated in a real shelter. This study showed that a

single heater/air conditioner operated in an ICC shelter wilt destroy

substantial amounts of WE and will release hazardous amounts of
hydrolyzable fluoride. If the other air handling equipment in the

shelter is turned on, more WFE is destroyed, and more hydrolyzable
fluoride is released. It is important to nct- that this case, air

; handling equipment on, is the normal operating condition for the

shelter. These experiments, like the second phase experiments, showed

that the M8 chemical agent alarm -Esponse was related to the hydrolyzable
fluoride concentration. However, the study also showed that the M8

chemical agent alarm was not sensitive enough to be a useful warninq.

-J-
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II. INCIDENT AT FORT BLISS, TEXAS, 3-5 NOVEMBER 1982

A. Introduction

During routine evaluation, Wednesday, 3 November 1582, of a PATRIOT
Ary Air Defense System - ICC shelter at Fort Bliss, Texas, Army and

Raytheon personnel were exposed to an irritant gas. On Friday, 5
November 1982, MERADCOM personnel asked Versar to investigate the

incident.

Dr. Neil Jurinski (NU CHEMCO) and Mr. John Richards (Versar Inc.)

traveled to El Paso, Texas to interview Raytheon Corporation and US Army
personnel who had reported adverse health effects during the period from
3-5 November 1982, while working in an ICC shelter equipped with two
PATRIOT Heater/Air Conditioners operated in the heat mode. Dr. Jurinskl
and Mr. Richards interviewed six personnel to determine what the adverse
health effects were among the s~x interviewee's (the seventh person was

i unable for an interview). This information provided direction In terms
of what types of air samples to collect and parameters to look for. The
results of the Interviews, the exposure assessment, and sampling
activities are provided in this section. Also, Dr. Jurinskt has
described the first phase of the trip to El Paso,, Texas in the enclosed

trip report submitted to Versar on 12 November 1982 (see Appendix I).
During the interviews it was confirmed that all illnesses occurred when
the units were operated in one of the heating modes. The second phase of
this trip was to provide air sampling to attempt to identify the chemical
irritants that may be present in the shelter during heater operation and
relate these irritants back to the adverse health effects observed

earlier (see Section II.C. for specific details).

B. Industrial Exposure Assessment Results

"The results of the interviews indicated that an irritant was being

released into the air of the ICC shelter during heater operations. The
presence of this irritant in the air caused all personnel involved to be
uncomfortable atout working in the ICC shelter, therefore, the PATRIOT

,..: Heaters/Air Conditioners were turned off and the shelter vacated.

• , , 'i ......... ,i .. a
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Versar determined that additional on-site testing was required and

scheduled the tests for 10 November 1982. Dr. Jurinski was not present

during the on-site testing. His trip report for activities conducted on

8-9 November 1982 are presented in Appendix I.

C. Field Sampling

FielO sampling was conducted on 10 November 1982, in the ICC shelter

lc.ated at Abern&thy Park in Fort Bliss (El Paso, Texas)., Sampling

activities began at 0400 and ended at approximately 1240. Samples were

collected for the following target parameters:

- Sulfur dioxide
- Hydrogen fluoride
- Hydrogen chloride
- Acrolein
- Semi-volatile organic compounds
- Volatile organic compoundsl

In addition, an irritant gas detector developed for the US Army was used

as a roal time monitor of possible irritants in the air. This chemical

agent alarm is referred to as the "M8", and is used by US Army personnel

to detect gases such as carbonyl chloride (Phosgene). During sampling,

personnel wore respirators when inside the ICC shelter when monitoring

sampling equipment and collecting data inside.

The development of the above list ef target parameters was as a

result of both recommendations from US AEHA and review of analytical data

obtained from the thermal degradation studies conducted earlier by

Versar. The use of the M8 chemical agent alarm was recommended by US

AEHA.

C.l Sampling

All sampling procedures were either recormmended or approved EPA

or NIOSH metheds for the target parameters of interest. As described

above, air samples were collected for the above chemical constituerts and

A 1 -!,!
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general chemical groups using impinger solutions, Porapak sorbent tubes,

and charcoal sorbent tubes. In addition, the MS chemical agent alarm,
plus a second M8 chemical agent alarm from the Fort Bliss NBC school',

were operated continuously during all phases of sampling to provide a
real time monitor for the possible presence of chemical irritants like

carbonyl chloride. A total summary of samples collected is presented in,

Table 1.

T The following sampling scheme was conducted with TFE grommets

in position on both heater units and operated as described below:

- 0.5 hr sampling run with both units on high heat.

- 1.0 hr sampling run with both units on high heat.

- 1.0 hr sampling rin with both units on low heat.

- 1.0 hr sampling run outside shelter - referred to make-up
air.

All 1 E groinets were removed from both heater units and were submitted
to the laboratory for gravimetric analysis after the above sampling runs
were completed. Then a final sanpling run was performed tn determine if

conditions inside the ICC shelter were different than those observed when

the TFE grommets were in position. The sampling run was conducted under

the following conditions:

- 1.0 hr sampling run with brth units on high heat.

"All samples were submitted to Yersar's analytical laboratory on

November 11, 1982 at 0930 for analyses.

C.2 On-site Observitions

Inspection of the ICC shelter revealed that the inside

configuration was similar to the CRG shelter and was equipped with

Selectronic equipment. The ICC shelter has two PATRIOT Heater/Air
Conditioner units rather than one like the CRG shelter. The units in

V-j's-



TABLE I

SUMMRY WF AIR SAMPLES COLLECTED ON 10 NOVEMBER 1982
FROM THE ICC SHELTER EQUIPPED WITH TWO
PATRIOT HEATER/AIR CONDITIONER UNITS*

Shelter Make-up Field Total

Air Air Blanks Summary

0.3N H2O2 impinger 4 1 2 7

0.1K NaOH impinger 8 2 2 12

I per.ent NaHSO 3 itmpinger 8 2 4 14

Porapak Tubes 8 8 5 21

Charcoal Tubes 8 7 2 17

M8 Continuous 1 .... 1

TOTALS 37 20 i5 72

*Curbside unit was SN 81014; Roadside unit was SN 801163.
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position on the shelter were SN G1014 on the curbside and SN 801163 on

the roadside. It was observed that the foam dust filter at the face of
the floor-level return air duct was extremely dirty. A slight touch with
a pencil resulted in many dust particules falling off. Also, all

horizontal surfaces inside the shelter were covered with a thin layer of
dust. The general condition of the shelter appeared as if neitherI
housekeeping activities nor dust filter maintenance had been been

recently performed.

Inspection of the heater/air conditioner units was performed

and the following was observed:
SN 81014 (curbside)

- heater rods - slightly discolored entire length of rod.
- WFE grommets- eight disfigurid, but none melted to the

point that they had apparently dripped.

- tygon tubing - appeared good.
- aluminum shielding - all in place.
- foam - pliable and showed only signs of having standing

water for long periods.

- general - inside of box was dirty on bottom.

SN 801163 iroadside)
- heater rods - all discolored with a light black dust present

on all. Discoloration covered approximately 50 percent of
rod and
did not go all the way to the free end.

- TFE grommets - all appeared in good codition and none were
disfigured.

- tygon tubing - appeared good.

- aluminum shielding - all in place.
- foam - pliable and showed signs of having standing water for

long periods.
- general - inside of box was extremely dirty at the bottom.

During sampling, the inside air temperature ranged from a low

of 74"F to a high of 140"F, dependent upon whether the heaters were just
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turned on and positioned to either the low or high heat mode. Samples

were located approximately six inches the floor in the middle of the

shelter. The return air duct located on the floor was clear of blockage

and the foam dust filter was in place. The dust filter was not cleaned

before sampling activities began.

Each time the heaters were started up, there was an initial

burning smell which lasted for a period from 30 seconds to 2' minutes.

The smell was similar to the one encountered when a new electrical stove

element is turned on. There were no other obvious smells detected during

sampling.

During the entire sampling period, two M8 chemical agent alarms

were operated continuously. There were no audible signals produced, nor

did the zero needle show a deflection greater than zero. The MI8 chemical
agent alarms were operated by a Sgt. Lee from the NBC school who was

thoroughly knowledgeable about the operation of the detector.

D. Fort Bliss Sampling Trip and Incident Investigation,
8-9 November 1982

Samples were collected for hydrogen fluoride (HF), sulfur dioxide,

acrolein, semi-volatile organic compounds with charcoal tubes, and

volatile organic compounds on Porapak N tubes. The TFE gronmets in the

units tested were removed and sent to the laboratory after the initial t ,jm

air testing was completed.

fHydrogen Fluoride " .

Fluoride samples were analyzed using a modification of NIOSH

method. The NIOSH method states that the samples should be collected in

impingers containing 0.1 N NaOH. The samples collected in 0.1 N NaOH

were damaged during shipping, so they could not be analyzed. As an " •'

alternative, we analyzed the fluoride in the impinger solutions used for

sulfur dioxide. These impinger solutions contain a hydrogen peroxide

H-Jr ..I
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solution adjusted to pH 5. This change in the impinger solution from

the standard method may reduce the collection efficiency, so the results

reported may be low. They should, however, be comparable, so any trends

observed in the data will reflect actual conditions in the ICC shelter.
The data is presented in Table 2. The highest fluoride levels obse-'ved

were during the first 30 minutes of heating In the high heat mode. The

next hour of heating had a lower fluoride level. The next hour of
heating was done on the low heat mode, and even lower fluoride levels

were observed. Fluoride was not detectable in the air samples after the
TFE gronmmets were removed. It was not detectable in the ambient air.

Sulfur Dioxide

Sulfur dioxide was analyzed using NIOSH method P&CAM 146. The

results are presented in Table 2. The results indicate that the ambient

air at. Fort Bliss contains low levels of- sulfur dioxide. These levels
are typical for many areas in the United States. There is nc evidence
that the sulfur dioxide levels are elevated inside the ICC shelter.

Acroleln

Acrolein was analyzed using NIOSH method P&CAM 118. The

results are presented in Table 2. No acrolein was found either inside or

outside the ICC shelter.

Semi-Volatile Organic Compounds

Seml-vol;ýtile organic compounds were collected on standard

charcoal tubes purchased from SKC Corp. (Catalogue No. 226-09). The

collected organic compounds were eluted with carbon disulfide and were
analyzed by capillary gas chromatogi ahy with flame ionization

detection. The method has been described in detail in an earlier
report. The results are presented In Table 2. No compounds less
volatile than toluene were detected in sibnificant amounts in the' ICC

shelter.
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TABLE 2

SUMMARY OF AIR SAMPLE CHEMICAL ANALYSIS TAKEN ON'
10 NOVEMBER 1982 FROM ICC SHELTER EQUIPPED WITHTWO PATRIOT HEATER/AIR CONDITIONER UNITS

Reported Fluoride Semi -
igAir* SO Volatile

Sample Description nag/m F- ug/m 3  rug Organics Acrolein

High heat with teflon 0.010 10. 0.1 ND <0.06
0.5 h at 1.45 1/min

High heat with teflon 0.004 4. 0.5 NO <0.06
1.0 h at 1.45 I/lnin

Low heat with teflon 0.002 2. 0.2 No < 0.06
1.0 h at 1.45 1/min

High heat without .0.002 .2. 0.1 ND < 0.06
telon 1.0 h at 5
1.45 I/min

Ambient air 0.002 2. 0.5 ND <0.06
1.0 h at 1.45 llmin

Method Detection Limit 0.002 2. 0.1 0.06;

*H202 solution.

**ND O No blank corrected peaks larger than 0.53 mg/m 3 toluene eluting
after toluene.

2 C1

jv-2o 1



15

Volatile Organic Compounds

Volatile organic compoinds were collected on Porapak N tubes

following EPA Method 603, Federal Register, Vol. 44, No. 233, Monday, 3

December 1979 as a guideline. Prior to saonle collection the Porapak N

sampling tubes were spiked with surrogate tracer material to monitor the

retention of the adsorbent. The analysis was performed by thermally
desorbing the volatile organics from the sample tube into the GC/MS using

packed column chromatography. The method is described in detail in the 4

October 1982 report. The results are summarized in Table 3. Mo volatile

organics were detected during the first half hour of operation. During

the next three hours, very low levels of several solvents were detected.

Those solvents were toluene, pentane, and 2-ethoxyethanol- acetate.
Toluene was confirmed by standard reference material, whereas the other

solvents have only been tentatively identified by library search. No
acrolein was detected and no evidonce of fluorinated hydrocarbons was

detected by the method. Porapa. N studies discussed in detail in Section
IV.A of this report, have shown that Porapak N would effectively trap

many of the expected decomposition products of TFE.

Surrogate recoveries are summarized in Table 4. The recovery

for both surrogates was quantitative (+100 percent) during the first half
hour of sampling. No spike was included on the sample tube for the
second 1.0 hcur sample tube. The third and fourth 1.0 hour sample tube
recoveries were variable, with 0 percent recovery for acrylonitrile-d3

and quantitative recovery of 2-fluorobenzene at 77 and 85 percent

respectively.

The volatile organic analysis chromatograms for the four

samples collected on 10 November 1982 at Fort Bliss, Texas, are shown in
Figures 1 through 5 with the spiked trip blank. The largest peak in all

RIC chromatograms (the bottom graph) at scan 480 + 2 scans is the
surrogate 2-fluorobenzene-5 and the internal standard benzene-d6. The

peak represents 3.2 ug of materials. In the 0.5 hour air sample it would

/2/--. . . . . . . . .. . .
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SIIWART OF RESULTS OF VOLATILE ORGANICS SAMPLES COILECTED
10 NOVEMBER 1982 FROM ICC SHELTER

SAMPLE DESCRIPTION COMPOUNDS CONC. (mg/m3

High heat with TFE 0.5 hour None detected ND

High heat with TFE 1.0 hour Pentane 0.071)
Toluene 0.01
Xolene 0.016 )

Low heat with TFE 1.0 hour Toxuene o 0.06.. 2-Ethoxyethanolacetate 0.0701)
High heat without TFE 1.0 hour Toluene 0. 0

2-Ethoxyethanol iretate 0.1 ?1)

(1) Estimated concentrations based on internal standard response.

-Ai
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TABLE 4

SURROGATE RECOY"itR IES

SAMPLE DESCRIPTION ARYLONtITRILE-d3 2-FLU ROBENZENE-d5

High heat with TFE 0.5 hour 122 104

High heat with TFE 1.0 hour No spike added No spike added

Low heat with WE 1.0 hour 0 77

High heat without TFE 1.0 hour 0 85

A-2-* .- v:f•°:, ,~
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represent 1.2 mg/mu3 and in the 1.0 hour samples It would equal 0.7
3mg/m3. The detection limit of the method is estimated to be 0.01

mg/m 3 for the volatile materials of interest.

Supper graph is an extracted ion current profile of mass 69
m/z (".ss to charge ratio). Ion 69 is the mass fragment CF3 . It is a

common fragment of perfluorinated hydrocarbons, and is found to be

present in most of the compounds detected by collection of the TFF
outgassing products in the experiments conducted on the 1TE gromets
discussed in Section IV.A. Should fluorinated compounds of molecular

weight 131-388 have been present at concentrations of 0.01 mg/hm3 or
* greater, mass peaks would have probably been detected by the method.

However, since no mess peaks are present, other than those also present
'y. in the blanks, it is reasonable to conclude that the TVE decomposition

products are not detectable due to their individual concentrations being
j less than 0.01 mg/m 3 .

Gravimetric Analysis of TFE Grommets

The TWE grommets in each of the heater/air conditioner units
were carefully emoved a-d sent to the laboratory. Each gr, t from the
units was weighed, and the results were compared to a new set of grommets
obtained from the manufacturer of the units; Keco Industries. The
results are presented in Table 5. The average weight of the used
gromnets in both of the units was lower than the new groets. If the
gronmnets tem Yed from the units initially had the sawe weight as the new

V,• g.onuets, then a total weight loss can be calculated. An average grommet

in unit 801163 lost 0.067 grams of TWE. The total amount of TFE lost in
unit 801163 was 1.005 grams. Since WE is 76 percent fluorine, this

corresponds to 760 mg of fluorine that was lost from the groin.ets. In
"unit 81014 the average loss was 0.25 grams and the total loss was 3.75
grams. This corresponds to 2.85 grams (2850 mg) of fluorine. The total
amount of fluorine lost from both units was 3.61 grams (3610 mag).
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In the 19 October 1982 report on the PATRIOT Heater/Air

Conditioners a worst case risk analysis was used. In this model we
assume that all of the material is released into the shelter at one time,

and that there is no dilution of the contaminants. The inside of the

shelter is 14.4 m3. With these assumptions, the predicted
concentration of TFE decomposition products is 251 mg/m3 .

There are no officially accepted Thresho~d Limit Values (TLVs)

for decomposition products of TFE. In 1961 the American Conference of
3Governmental Industrial R'gienists recommended a TLV of 0.05 mg/m as

fluoride. (1) This recommendation, however, has not been adopted.
TLY's for some inorganic fluorine compounds which are measured by the

tydrolyzable fluoride analysis are presented in Table 6. Other

authors have reported that polymer fume fever can occur at hydrolyzable
3(3)fluoride concentrations as low as 0.05 ug/m 3. The worst case risk

assessment indicates, therefore, that the concentration of decomposition
products could be over 5,000 times higher (251 mg/ 3 ) than the
concentrations which cause syxptoms (0.05 ,g/n 3 ).

f4
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TABLE 5

GROMMET WEIGHTS, FORT BLISS SAMPLING
10 NOVEMBER 1982

New Grommets Unit 801163 Unit 81014
(grams) (grams) (grains) I

1.433 1.309 1.310

1.370 1.310 1. 242*

1.397 1.333 1.081*

1.419 1.303 0.972*
1.367 1.314 1.032*

1.393 1.427 1.106*
S1.385 1.308 1.150"

1.406 1.301 1.079*
1.408 1.299 1.190"

1.408 1.299 1.190"

1.368 1.294 1.118"

1.404 1.314 1.208"

1.295 1.198'

1.345 1 ..109"

1.417 1.196"
4

ML.AN 1.394 1.327 1.144

S.D. 0.019 0.042 0.086

pI 12 15 is

Total
Fluoride Lost 0 1.00 3.75

*Visibly heat damaged.
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TABLE 6 
2

TLY's FOR SEVERAL SELECTED FLUORINATED COMPOUNDS

Carbonyl Fluoride 15. mg/m3

Fl uorine 2 mg/m 3

Fluoride dust 2.5 mgnm3 as F

Hydrogen Fl uoride 2 lg/m3

N
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III. HYDROLYZABLE FLUORIDE ANALYSIS IN PATRIOT SHELTERS AT FORT

BLISS AND WHITE SANDS AFTER GROC44ET REMOVAL

A. Introduction

Based on the weight loss and obvious damage to TFE grommets the p,
presence of hydrolyzable fluoride in the 3 November 1982 incident at Fort

Bliss, MERADCOM decided to remove all TFE gronwe ts. It was decided and

concurred by PATRIOT Missile Office to subject all enclosures in use at

Fort Bliss, Texas and White Sands, New Mexico to the same test series

done on the 3 November 1982 Fort Bliss shelter. The plan was reviewed by

VSE/Versar and U.S. AEHA staff in detail prior to beginning the field

sampling and testing. Two air sampling pumps were borrowed from AEHA to

collect some specialized AEHA sorption tubes as back-up to the standard

Porapak N tubes. No indications of detectable organics were found and

extra sorption tubes were not analyzed.

B. Field Sampling

Field sampling was conducted on 22 November 1982 at Fort Bliss and

on 23 November 1982 at White Sands Missile Range. Seven shelters were

sampled while the heater/air conditioners on each shelter were operated

in the high heat mode. During all tests, there were no WTE grommets in

position and therefore no TFE available to be exposed to the heated

portions of any of the heater rods in a heater/air conditioner. Air

samples were collected for the following target parameters:

- Hydrogen fluoride
- Acrolein
- Semi-volatile organic compounds
- Volatile organic compounds

Similar to the sampling conducted on 10 November 1982, the M8 chemical

agent alarm was used during all sampling activities when air was being

monitored in each shelter. The M8 chemical agent alarm was operated by

Sgt. Lee of the NBC school located at Fort Bliss. Sgt. Lee traveled with

2'.
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Versar personnel to White Sands Missile Range to operate the M8 chemical

agent alanm during sampling.

The development of the target parameter list was made based upon

recommendations from US AEHA and review of analytical results from both

previous sampling trips ard results from the thermal degradation studies

conducted earlier in the project by Versar. The major emphasis for this

trip was to quantify air concentrations in each shelter for hydrolyzable

fluoride. The use of the MB chemical agent alarm during this sampling

trip was recommended by US AEHA. Versar also collected air samples on a

specially prepared organic sorbent tube at each shelter for analysis by

US AEHA (sampling tubes were also prepared by US AEHA). These special

air samples were submitted to US AEHA upon return from the sampling trip.

B.i Sampling

All sampling procedures were either recommended or approved EPA .

and NIOSH methods for the target parameters of interest. As mentioned

above, air samples were collected for both specific chemical constituents

and general chemical groups using impinger solutions, Porapak sorbent

tubes, and charcoal sorbent tubes. The special air sampling tube was

collected for US AEHA to perform their organic analysis. The tube

consisted of a front section of Tenax GC sorbent material and a back •

section of Ambersorb sorbent material. The M8 chemical agent alarm was

operated in each shelter continuously during sampling. A total summary

of samples collected at both Fort Bliss and White Sands Missile Range are c.

presented in Tables 7 and 8.

All sampling activities were conducted for a one hour duration "

at each shelter described in Tables 7 and 8. All TFE grommets had been

removed from all heater/air cord.itioner units tested prior to sampling ,- )

activities by MERADCOM personnel.

*: •
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TABLE 7

SUIMARY OF AIR SAMPLES COLLECTED ON 22 NOVEMBER 1982 AT
FORT BLISS FROM VARIOUS SHELTERS EQUIPPED WITH

PATRIOT HEATER/AIR CONDITIONER UNITS

ECS CRG ICC Make-up Total
Shelter* Shelter** Shelter*** Air Summary

O.1N NaOH impinger 2 2 2 2 8

1 percent NaHSO 3  2 2 2 2 8

impinger

Porapak Tubes 1 1 1 1 4

Charcoal Tubes 1 1 1 1 4

Tenax/Ambersorb Tubes 1 1 1 1 4

M8 Chemical Agent Alam 1 1 1 - 3

TOTALS 8 8 8 7 31

* Curbside unit was SN 801167; Roadside unit was SN 81001.
** Curbside unit was SN 801198; No roadside unit required on this

shelter.
*** Curbside unit was SN 81014; Roadside unit was SN 801163.

•",
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TABLE 8

SUMIARY OF AIR SAMPLES COLLECTED ON 23 NOVEMBER 1982 AT
WHITE SANDS MISSILE RANGE FROM VARIOUS SHELTERS EQUIPPED WITH

PATRIOT HEATER/AIR CONDITIONER UNITS

CRG ECS ECS ICC Make-up Total
Shelter* Shelter*" Shelter* Shelter+ Air Summary

O.1N NaOH 2 2 2 2 2 10

impinger

1 percent 2 2 2 2 2 10
impi nger

Porapak Tubes 1 1 1 1 ] 5

Charcoal Tubes 1 1 1 1 1 5

Tenax/Ambersorb 1 1 1 1 5
Tubes

M8 Chemical Agent 1 1 1 1 - 4
Al anm

TOTALS 8 8 8 8 7 39

* Curbside unit was SN 801173; No roadside unit required on this

shelter. Shelter was located at Elephant Mountain.
** Curbside unit was SN 81002; Roadside unit was SN 81004. Shelter was (2

located at Dog Site.
*** Curbside unit was SN 801177; Roadside unit was SN 81003. Shelter

was located at LC-38.
+ Curbside unit was SN 801164; Roadside unit was SN801169. Shelter

was located at LC-38.

777
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All samples except the Tenax/Anbersorb tubes were submitted to

Versar's analytical laboratory on 24 November 1982 for analysis. The

Tenax/Ambersorb tubes were submitted to the US AEHA analytical laboratory

on 29 November 1982 ,

During all sampling activities, the M8 chemical agent alarm was

operated by Sgt. Lee and at no time was an audible signal heard 5;

indicating presence of potential irritant air borne chemicals. Sampling

personnel and US Army support personnel were in and out of the shelters

during heater operation and no unusual odors were noticed, nor did

personnel feel any adverse health effects as a result of being inside thet

heated shelter.

C. Fort Bliss and White Sands Sampling Trip, 22 and 24 November
In this sampling trip seven different PATRIOT Heater/Air

Conditioners were sampled for hydeolyzable fluoride, chloride, acrolein,

semi-volatile organic compounds and volatile organic compounds. At Fort

Bliss three shelters were sampled; #801167 (curbside) and #81U01

(roadside) in the ECS shelter, #81014 (curbside) and #801163 (roadside)

in the ICC shelter, and #801198 in the CRG shelter. At White Sands four

units were sampled; #81002 (curbside) and #81004 (roadside) in the ECS

shelter, #801177 (curbside) and #81003 (roadside) in the ECS shelter,

#801164 (curbside) and #801169 (roadside) in the ICC shelter, and #801173

in the CRG shelter. Aibient air tamples were collected at both Fort

Bliss and White Sands. The TFE grommets were removed from all of the

units before sampling.

Hydrolyzabl e Fluoride

Hydrolyzable fluoride air analyses were performed using NIOSH

Method P&CAM 117. The fluoride results are presented in Table 9. No 44

fluoride was detected in the ambient samples, and no fluoride was

I%
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TABLE 9

SUMMARY OF AIR SAMPLE CHEMICAL AN.AL_.YSIS TAKEN ON
22-23 NOVEMBER 1982 FROM ICC SHELTER EQUIPPED
WITH TWO PATRIOT HEATER/AIR CONDITIONER UNITS

Hydrolyzable Hydrolyzable Semi
Unit Fluoride Fluoride Volatile

:ite # Duplicate A Duplicate 8 Chloride Acrolein Oroanics*

Ambi ent,
Fort Bliss .MD. M.D. M.D. N.D. N.D.

ECS, Fort
Bliss 80-1167 2 N.D. M.D. N.D. N.D.,

ICC, Fort
Bliss 81014 M.D. M.D. N.D. N.D. N.D.

CRG, Fort
Bliss 801198 N.D. N.D. N.D. N.D N.D.

Ambient,
Elephant
Mountain N.D. N.D. M.D. M.D. N.D.
(WSMR)

ECS, WSMR 81002 3 3 M.D. N.D. N.D.

ECS, WSMR 801177 1 1 M.D. N,U. N.D.

ICC, WSMR 801164 N.D. N.D. N.D. N.D. N.D.

CRG, WSMR 801173 N.D. N.D. N.D. M.D. N.D.

Method Detection
Limit 1 1 180 60 *

Numbers are in ug/&.

*No blhnk corrected peaks larger than 0.53 mg/m 3 toluene eluting after
tol uene.



detected in four of the units. In the remaining three units very low

levels of hydrolyzable fluoride were found. These levels are well below
the TLVs for TFE decomposition products.

Chloride

Chloride in air analyses were done using NIOSH Method P&CAI
115. The results are presented in Table 9. go chloride was detected in

any of the samples.

Acrolein

Acrolein was analyzed using NIOSH method P&CAM 118. The
results are presented in Table 9. No acrolein was found in any of the
samples.

Semi-Volatile Organic Compounds

5 Semi-volatile organic compounds were analyzed using the method

previously described. The results are presented in Table 9. No
significant amounts of semi-volatile organic compounds were found in the
samples.

Volatile Organic Compounds

Volatile organics were determined using the EPA Method 603 as
described in Section 11 of this report. The results are sumuarized in
Table 10. Small amounts of solvent materials were detected in five of
the seven units tested. These volatile organic compounds were toluene,
xylene, trichloroethane and 2-ethoxvethanolacetate. No acrolein was
detected. Also, there was no evidence of fluorinated hydrocarbons at the

3estimated detection limit of 0.01 mg/m3. Surrogate recoveries are

listed in Table 11.
.4• The GC/MS analysis chromatograms of the seven units are shown

in Figures 6 through 13. No volatile organic component peaks are present

in the lower RIC graph in equal or greater concentrations than the
surrogates or the internal standard.
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TABLE 10

rJATILE OWGANICS SUMMARY

SAM5LE DESCRIPTION UNIT COMPOUNDS CONC. (mg/u 3

ECS, Fort Bliss 801167 Toluene 0.05

Xylene 0.060()

ECS, Fort Bliss 81014 None Detected NO

CRG, Fort Bliss 801198 Toluene 0.06

ECS, White Sands 81002 Toluenc 0.04
Missile Range Trichloroethane (1)

2-E thoxyet~hano ac et~ate, .0

ECS, White Sands 801177 None Detected No
Missile Range

ICC, White Sands 801164 Toluene 0.03
Missile Range

CRG, White Sands 801173 Toluene 0.02
Missile Range

(1) Estimated concentrated based on internal standard response.

Al- d,,



35

TAK.E 11

U SURROGATE RECOVERIES

PERCENT RECOVERY
SAMPLE DESCRIPTION UNIT # ACRYLONITRILE-d3 2-Fluorcbenzene-d5

,CS, Fort Bliss 801167 18 100

ECS, Fort Bliss 81014 43 85

CRG, Fort Bliss 801198 54 92

ECS, Wtite Sands 81002 105 108
M ts'tl Range

ECS, White Sands 801177 62 110
Missile Range

ICC, White Sands 801164 0 65
Missile Range

CRG, White Sands 801173 39 96

IV -9/
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Also, ion 69 of CF3 is shown in the upper graph, and no mass

peaks are present. This indicates that the concentration of irdividual

component TFE outgas products that are trapped on Porapak N of molecular

weight 131 and greater, are of less than 0.01 mg/m 3 .

Gravimetric Analysis of Used Grommets

MERAOCOM personnel removed the gronuets from a number of

PATRIOT Heater/Air Conditioners. The grommets from each unit were put in

plastic bags and were given to Versar personnel at Fort Bliss. The

personnel collecting the grommets did not know that they would be used as

samples, so they were removed forcefully and many of them were

mechanically damaged. Due to the damage we did a modified gravimetric

analysis. The results are presented in Table 12. Two of the columns in

Table 12 deserve special attention. Column two is the mean weight of the

grommets which were not mechanically damaged. The weight of these

gronmmets can be compared to the weight of new grommets which is 1.394

grams. The smallest average weight loss was 0.031 grams in unit #8100.•

The largest average weight loss was 0.433 grams in unit #N315 (a research

and development unit). A weight loss was observed in every set of

grommets. Column four is the number of heat damaged grommets over the

total number of grommets examined. Some of the grommets were

mechanically damaged during removal, but it was still possible to see

whether there had been obvious heat damage on the groimmets. Unit #801162

had fthe least visible damage. Of the 15 recognizable grommets sampled

none of them were visibly heat damaged. Unit #N315 had the most visible

damage. Of the eight recognizable grommets in the sample, all eight were

heat damaged. These results show that the WFE grommets have decomposed

in all of the PAiR:OT Heater/Air Conditioners sampled. In some cases the

decomposition has been fairly minor, while in other cases it has been

severe.

<

ii
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TABLE 12

GRAVINETIRIC ANALYSIS OF WE CO $ PCTS

Mean W'2ght Number of Heat Damaged Grommets

Unit 4 UndamageJ Grommets Undamaged Grommets Recognizable Grommets

801173 1.303 9 0/11

N336 1.348 8 0/12

81002 1.357 9 0/13

81004 1.325 9 1/13

801184 1.289 6 0/8

N327 i.062 4 4/7

N315 0.961 4 8/8

N314 1.208 1C14/14

N329 1.339 8 1/10

1.334 8 0/13

801162 1.306 11 0/15

801172 1.319 11 0,/ 12

801167 1.209 6 3/8
801183 1.323 11 0/13

801198 1.35Zý 14 1/15

801177 1.322 9 1/15

801164 1.257 7 0/13

81003 1.363 7 0/11

81001 1.226 5 14/15

801169 1.301 10 0/11

7Mu.

z :." :' ' ., • . m me " .
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IV. RECOlSTRWTION OF THE INCIDENT CONDITIONS

A. Phase I - Laboratory Experiments on Decomposition of TFE
Grommets

These experiments were intended to determine the major products of

the decomposition of TFE grommets in contact with a heater rod from a

"PATRIOT Heater/Air Conditioner. We also attempted to relate the quantity

of the various products found to the weight loss of the grommet. The

experimental apparatus is shown in Figure 14. Briefly, the heater rod

was connected to a 206 Volt source and the end of the rod was pl aced
about 20 cm inside a 2.5 cm ID glass tube. The end of the glass tube

where the heat rod entered was bathed in a stream of purified air. A
sampling manifold was connected to the other end. With this

"configuration the purified air entered the tube, passed over the TFE
gromet on the end of the rod, and was pulled into the sampling
manifold. The grommets were placed between 0.3 cm and 1.5 cm from the

end of the rod.

The air entering the sampling manifold was analyzed for hydrolyzable

flouride, acrolein, semi-volatile compounds, and volatile organic

compounds in the initial experiments. Later experiments concentrated on

hydrolyzable fluoride.

.Hdrolyzable Fluoride

The results of the experiments are presented 'in Table 13.

Experiments 1 and 5 were run without TFE grommets on the rod. As
expected, no fluoride was produced in these experiments. In experiment 2

the TFE grommet slipped on the rod during heating and got very close to
the end of the tube. This probably caused the apparently low fluoride

recovery. In all of the other experiments the grommet was held
stationary on the rod with stainless steel clips. A number of things are

apparent in the data. The grommets lose less weight when they -ire held 3

mm from the end of the rod than when they are held 8 mm or 15 mm from the
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TABLE 13

RESULTS: DECONPOSITION EXPERINENTS

Hydrolyzable Percent
Experiment Grmmet Initial Final Weight Fluoride Accounted

Number Position Weight g Weight g Loss g Found, .g For

1I no 9rinet -- - N.D. -

2 varied 1.373 1.171 0.202 7.8 5.1

3 3 = 1.396 1.309 0.087 18.5 27.9

4 3 = 1.395 1.206 0.189 44.3 30.9

5 no rgo et ...- -. NM.D. ---

6 3 - 1.399 1.396 0.003 0.71 23.7

7 3 w 1.382 1.362 0.020 6.3 31.3

8 15 = 1.414 1.181 .0.233 48.1 20.6

9 8 ,u 1.392 1.294 0.098 32.7 33.4

10 3 mm 1.440 1.392 0.048 14.1 29.4

11 8 mm 1.392 1.082 0.31 107 34.5

12 15 mm 1.404 1.027 0.377 81.8 21.7
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end of the rod. This is expected since the grofhet is closer to the
Sheated portion of the rod in the latter two positions. The weight loss

of the grommet can be converted to a weight loss of fluoride since the

TIE grommets are 76 percent fluorine by weight. The percent of fluoride
_accounted for is the ratio of the hydrolyzable fluoride found to the

calculated amount of fluoride lost from the grommet. Excluding
experiment 2 where the gronmet slipped on the rod, the percent accounted

for ranged from 20.6 to 34.5 percent. Given the difficulty of
reproducing the exact same contact of the grommet with the rod in each

experiment, this is surprisingly consistent. The data shows that a
substantial amount of the fluoride lost will consistently show up as
hydrolyzable fluoride.

Experiments 10 and 11 were run for 60 minutes and 45 minutes,

respectively. During these two experiments samples were taken in 15
minute intervals. There were four 15 minute fluoride samples in
Experiment 10, and three samples in experiment 11. The detailed data
from these experiments are presented in Table 14. In Experiment 10 the
grow.et was 3 mm from the end of the rod. The fluoride level in this

experiment apparently increased during the first 15 minutes, and reached

a slowly decreasing plateau between 15 and 60 minutes. In Experiment 11

where the grommet was 8 mm from the end of the rod the highest fluoride

level was observed in the first 15 minutes. The fluoride level then
continually decreased. These data are supported by the visual

observations of the experiments. In Experiment 10 the grommet slowly
.-. heated up and turned from white to a translucent gray color. At about 10

minutes into the experiment the surface touching the rod began to bubble,
and this continued for the rest of thi experiment. In Experiment 11 the

grommet turned from white to translucent gray sooner. White vapors :ae
off the grommet and it was bubbling vigorously during the first 15

minutes. A substantial portion of the grommet had been vaporized during

the first 15 minutes. The amount of vapor and the bubbling decreased for

Ell'
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TA•LE 14

EXMUDEMTS 10 AND 11

WEIGHT LOSS V T• E

Experiment 10, Hydrolyzable Experiment 11, Hydrolyzable
Time Fluoride Found, mg Fluoride Found, ng

0-15 2.1 62.6

15-30 4.2 32.4

30-45 4.0 12.0

45-60 3.8 Experiment finished

N -2r
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the rest of the experiment because there was less gmuet left in contact

with the rod. Most of the gr.met in direct contact with the rod was

vaporized within the first 30 minutes.

The experiments attempted to reproduce the conditions inside

the PATRIOT Heater/Air Conditioner. There were, however, some variables

which were not controlled. The air flow over the heater rods in these

experiments was much lower than the air flow in the heater/air

conditioners. The end of the heater rod, therefore, was probably

somewhat hotter In these experiments than in actual use. It is not clear
to what extent these results can be extrapolated to the cor.ditions inside
PATRIOT Heater/Air Conditioners. The weight loss in an operating unit

may not be the same as observed in these experiments. Despite this, the

experiments show that the percentage of the fluoride lost that becomes
hydrolyzable fluoride is fairly consistent.

Acrolein

No acrolein was detected in any of the experiments. The

decomposing TFE grommets do not produce measureable amounts of acrolein.

*W Semi-Volatile Organic Compounds

Semi-volatile organic compounds were collected on charcoal

tubes at a flow rate of I liter per minute. The tubes were eluted with 5
ml hexane and analyzed by gas chromatography with electron capture

detection. The chromatographic conditions are presented in Table 15.
Electron capture detection is more sensitive than flame ionization

detection for highly fluorinated compounds. Chromatograms for runs 1, 3,
and 8 are presented in Figures 15 to 17. Run 1 is a blank. In runs 3

and 8 some products were detected in the samples. The backup traps did
not contain any detectable products. Clearly some organic compounds are
formed during the decomposition of the TWE grommets.

S./Y' --S 7
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TABUE 15

C)ONATOGTMI4IC CONDITIONS

Column: 0.1 percent SP-IO0O on 80/100

Carbopack C, 6 ft.Detector Temperature: 250%C

InJector Temperature: 200"C

Carrier'Gas: Argoni/Methane

Flow 30 /rin

Teperature Progress: 30*C to 150C at 8C per
mi nute

'2

'40

V1



I.o

35

2 89

-- 51t. 66

- -- 16.62:

•F,15.157
16. 48

•2e. 31

27. 9I

".•; '5T 0P

S~ FIGURE 1 5

"RUN 1, BLANK

°aam lrr



,54

IB

I
45

62. 99S 4. 14. 67

7 6. 59

9.59

21. 52

FIGURE 16 
-

RUN 3: WEIGHT LOSS 0.087 g

.56?

70',

ils -89

19 9



SVerzw 55

. 74. 

16

",4 .57 5 .2"7

6.189

S• 7. 84

9.59

13. 71

Nh- 15. 14

'7.8

• '18. 86

""•19. 94

" ~21. 64

.4 
1

J FIGURE 17

RUN 8: WEIGHT LOSS 0.233 g

"A".



U

A number of highly fluorinated compounds were analyzed as

standards to determine the response of the compcunds on the electron

capture detector. The data is presented in Table 16. None of the

compounds in the samples could be identified, but they probably have

similar structures to the fluorinated standards. We assume, therefore,

that the compokinds produced during TFE decomposition will have similar

responses. If this is the case, the largest peak in Run 8 (Figure ),

which is 12.6 x 106 area counts, corresponds to about 115 mg of the

material collected. This is about 6 percent of the total weight loss of

TiE. This indicates that some of the organic compounds are produced in

fairly large quantities. If the area counts for all of the compounds are

summed, the resulting total response corresponds to about 100 mg of

organic decomposition products in the extract. This is about 43 percent

of the total weight loss of the TWE.

The data from these experiments indicates that fairly large

amounts of semi-volatile organic compounds are produced during the

decomposition of TFE. However, it is unlikely that these compounds would

be detected in actual use. In Experiment 8, the gas stream was so highly

concentrated that the front half of the charcoal tube turned white from

vaporized TFE. Despite this, the results were only 1000 times greater

than the detection limit. Given the large dilution that occurs when the

PATRIOT Heater/Air Conditioners are running, the results would probably

be below the detection limit in actual use. In contrast to this, the

results for tydrolyzable fluoride in Experiment 8 were 2,000,000 times ;7,q

greater than the detection limit. We expect, therefore, that

hydrolyzable fluoride will be detectable in the units, but that

semi-volatile organic compounds will not.

N
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TABLE 16

DETECTOR RESPONSE FOR HIGHLY FLUORINATED COMPOUNDS

Area Counts Per Nanogram
Compounds Micro-volt/seconds per Nanogram

Perfl uorohexane 3200

Peril uorocycl opentane 4360

Perfluoroheptane 4250

Perfl uoropentane 260*

*Possible volatilization during preparation of standard. Result may be
low.

IV I:
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Volatile Organic Compounds

The volatile organic compounds were determined by collecting

the outgassing materials on Porapak N tubes, followed by ttharmal
desorption-gas chromatographic/mass spectrometric (GC/MS) analytical .

procedures.' One experiment was also conducted usinga mixed Porapak N/

charcoal tube. The volatile compounds were collected on Porapak N tubes

at a flow rate of 0.2 liters per minute. The tubes were then connected

to the GC/MS and flash heated to 180"C. The volatile materials are thus

desorbed from the trap and introduced onto the head of the GC/MS column.

The column was held at 45"C for ten minutes during the desorbtion period,

with a flow rate of 40 ml/vin of purified helium. The column was then

programmed to 225"C at 120C/min and the sample chromatographed into the

mass spectrometer. The mass spectrometer was set to scan from 20-450 AJU

at three seconds per scan in the electron impact mode.

An initial blank experiment was run to verify that there were

no interferences or residual fluorinated and or other TFl decomposition

products present on the heater rod or the sampling tubes. No

interferences or contamination problems were present. Five experiment

burns were conducted and are labeled Run #2, Run #4, Run #C5, Porapak

Only and Porapak/Charcoal. The f1piorinated compounds detected in each

experiment are listed in Tables 17-21. The chromatograms for the blank

run and the experimental runs are shown in Figures 18-22. The mass

chromatograms for some of the expected fluorinated fragments of TFE

decomposition products are shown in Figures 23-45. The mass fragTments

displayed in the graphs are: 'a

Mass-Charge Ratio Fragment Ion
m/z

69 CF3
100 C2F4

131 C 3F5 5

181 C4F7

219 C09ga~
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Each chromatographic peak containing any of these fragments was

identified by library search. In many cases the library algorithm

identified several peaks as the same compound. All of the compoundt

listed in the tables are tentative identifications, and when more than r
one peak was identified as the same compound, the number of peaks is

listed.

Particles

In the TFE d.composition experiments, there was a large

quantity of particles produced in addition to the. hydrolyzable fluoride

and the semi-volatile organic compounds. After each experiment, the

inside of the equipment was.coattd with a fine white powder, apparently

vaporized TFE. This vaporized TFE probably accounts for the remainder of

the weight loss in the experiments.

Conclusions

These experiments showed that decomposing TFE produces- three

major classes of products. A large and reproducible fraction of the

weight loss from the TFE appears as hydrolyzable fluoride. This appears

to be a promising way to monitor the air for the products of decomposing

TFE. A second fraction of the weight loss from TFE appears as

semi-volatile fluo-1'rtcd organic compounds. The detection limit for the

organic compounds is higher than the detection limit for hydrolyzable

fluoride. The organic pompound will probably not be useful for

monitorinq the air for products of decomposing TFE. A third fraction of

the weight loss appears as vaporized particles of TFE.

'I6
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TABLE 17

FLUORINATED COMPOUNDS DETECTED AND TENTATIVELY
IDENTIFIED BY LIBRARY SEARCH

COMPOUND NO. PEAKS FORMULA M. WT.'

1 -Propesce, 1,1 ,2,3,3,3-Hexafl uoro- 21 C3 F6  150
Cyclobutane, Octafluoro 2 C4 F8  ?00

Cyci opentane, Octaf1 uoro-1 -
1-Bis(Trifluoroniethyl)- 1 C7F14  350

Octanoicacid, Pentadeca Fluoro 1 C 8HO.,F15  414
Ethane, Hexafluoro- 10 C2F6  138
Propane, Octafluoro- 1 C3F 8  .188
Butane, Decafluoro- 3 C4 Flo 238
Silane, Difluorodiniethyl- 1 C A F 2S 1 96
Ethane, 1,1,1-Trifluoro- 1 Ch F 3  84
1-Butene, 1,I,2,3,3,4,4,4-0ctafluoro- 2 C4F8  200
Heptane, Hexadecafluoro- 3 C F1  388

j 1
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TABLE 18

S TFE PYROLYSIS EXPERIMENT RUN #4
FLUORINATED COMPOUNDS DETECTED AND TENTATIVELY

IDENTIFIED BY LIBRARY SEARCH

COMPOUNDS NO. PEAKS FORMULA M. WT.

Ethane, Hexafluoro- 4 C2 F6 138

Heptane, Hexadecafluoro- 5 C7F16 388

Pentane, Undecafluoro Trifluoromethyl- 1 C6F14  338

.0 Propene, Hexafluoro- 1 C3F6  150

Methane, Dichloro- 1 CH2C12  84

JIV - (, 7
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TABLE 19

TFE PYROLYSIS EXPERINENT RUN #15
FLUORINATED CUI4POUNDS DETECTED AND TENTATIVELY

IDENTIFIED BY LIBRARY SEARCH

COMPOUNDS NO. PEAKS FORM4ULA M.WT.

1-Propene, 1,1,2,3,3,3-iNexafluoro- 1 C3F6  I50

Hexane, Tetrodecafluoro- 1 C6Fl4  338

Butane, Decafluoro- 2 C 4 F10  238
Pentane, Undec afluoro-4-

(Trlfluoromnthyl)- 6 C6Fl4  338
Ethane, Hexafluoro- 3 C2F 6 -138
Dodecanoicacid, Tricosafluoro- 1 C 12No2 F 23  614

Silane, Tetrafluoro- 3 F4 SI 104

Heptane, Hexadecafluoro- 2 C7F16  388
Diaziridine, Tetrafluoro- 1 CH 2F4  116
Methane, Trifluoro- 1 CHF3  70
keticacid, Trifluoro- 1 C 2HNo2F3  114

Cyclopentane, Decafluoro- I CSF 10  250
Pentane, Dodecafluaro- 1 C5F1, 288

Trioxide, Bis(Trifluoromett~i )- I1 C0 F6  186
Cyclohexane, Dodecafluoro- 1 C6 F12  300

12tAMethanesulfinyl Fluoride,Trifluora- 1 COSF4 136
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TABLE 20

TFE PYROLYSIS EXPERIMENT PORAPAK N ONLY
FLUORINATED COMPOUNDS DETECTED AND TENTATIVELY IDENTIFIED

BY LIBRARY SEARCH

COMPOUNDS NO. PEAKS FORMULA M.WT.

Ethane, Hexafluoro- 3 C2F6  138

Trioxide, Bis(Trifluoromethyl)- 1 C2 03F6  186

Propane, Octafluoro- 1 C3F8  188
Heptane, Hexadecafluoro- 2 CF 1 6  388

Propene, Hexafluoro- 1 C3F6  150

Pentane, Dodecafluoro- 2 C5F12  288

Butane, Decafluoro- 1 C4F10  238

* Silane, Tetrafluoro- 1 F4SI 104

Pentane, Undecafluoro(Trifluoromethyl )- 3 C6F14  338

g Silane, Difluorodimethyl- 1 C2H6F2SI 96

d,.

.,
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TABLE 21

TrE PYROLYSIS EXPERIMENT ON PORAPAK/CHARCOAL
FLUORINATED COMPOUNDS DETECTED AND TENTATIVELY

IDENTIFIED BY LIBRARY SEARCH

COMPOUNDS NO. PEAKS FORMULA M.WT.

Cyclobutane, Octafluoro- 3 C4 F8  200

Ethene, Tetrafluoro- 2 C2F4 - 100

Ethane, Hexafluoro- 2 C2F6  138

Propane, Ocflouoro- 1 C3F8  188

'7/



VCUZ~rnc65

i"i

I/

1e4

II

C -i

T ,'P.-?g



~'crau~.66

LUa

Is-

N- 77



Is

UU

CD

coa N UJ z
ciA

or



LUU

- U

LU,

711.



Vcrlwm69

uJi*L ii
C4'

CD1

77J



70

%vcrsaW. 5

cc:

cc

.1i;

to0

LO~

.... ....

N.Jck



71'

uJ

- C.D

uel

CIDI

0' __ __ __ __ __ __ __ __ __ __ __ __ __ __7_ __



72

Vcr�arm
S
I

'a

49

C

I
c�a

9"

LiJ (.

w *
0*'

a �
m Lk.J 5
- � NJ

= _

0 a
N � WE

'-0 =

�1
g

,�.

..-. ,�

I I /
0
'a

Ps
P.

,.



444

ak

in

Lai

C.,4

CO.

cri ~ ~ LL- f

InI

In



e maar~ 74

'.46

- e ale
.44 f4

L6.

to7

C4 cc

biD

CO 
-

0~ 0J -

I'm-

l (4



i'cI*~Irmc75

amZ9

a., 4D

I 44 A

wu

C)

-j Ch

LL N~J

06
CD~



76

*L

CD a

LJ

GK C0

LU,

10 L:



VCU~Z~m~77

w -mq

4W~

44 44

Lo

_ Ir4
ujz

inn

to'.

z Al



78

*0

Ln

Alfl)



ive *%N ar.c 79

SnKP

00, ('4

Ing.

A1L



iVc•lrlirm, 80

! -Q
80

a, U-i -

. ---

46

,qp

-oU --

QA

/ -

I I I'Z-



/1

•!Verzar_ 81

I.

-- r, a
• • o

I4I I I II I I I I il I I4



C44

82

-3-J

,T. -r

tMo



ly Ies". 83

P-4

zez

C4...

x O >,,0

• • a-

'P. '0

- ' - -



84
wk

.' .

I--

-WW2

• =.0

, 'I-

• - E_.



S Vcr'x,-r.• 85

!C

10

0.,

.- ,__ ) i. ... .. . .. ..,..., .

p- z

II I II IIII III IIIII IIII IIH Illl II II I I II II I IIII0



86

ILI
Qv

ML

2 0



Ireso%,m nr. 87

C'C,

C', 4



ak

1 4

-0

C-)

C."T.ct: -

k.'4)

'.44



Jcrnarm. I
89

laa

I IF
-U

0

z 06

3 1]f

0' .-

/V-4-

,II

. . . . . . . . . . . . . . . . . .



S;S

C44

W0
kC-



U

Vcrwm.91

-, "

NN)

,4,,'-e,- N



II

IVeirsar 92

I

VeI

- --

w -

* V

i! " °
,' ,0

V •

-iL.

.c

i=



93

B. Phase II - Sampling at VSE Corporation, 18 - 19 December 1982

Samples were collected at VSE Corporation on 18 - 19 December 1982.

The samples were taken to the laboratory for analysis for hyorolyzable
fluoride, acrolein, semi-volatile organic compounds, and volatile organic

compounds.

Field Sampling

The Phase II sampling and analysis activities were developed as

a follow-on to Phase I to determine the production of irritant gas from
new TFE grommets in a PATRIOT Heater/Air Conditioner. Phase I activities

showed that when TFE grommets were heirted to a high heat on the end of a

heater rod like those fi = the PATRIOT unit, decomposition products were
produced and identified as a complex combination of hydrolyzable and

organo-fluorides. The objective of the field sampling was to operate a

heater/air conditioner in a high heat mode with new TFE grommets and to

collect air samples for several target parameters. Specific air samples
were collected for the following parameters.

- Hydrolyzable Fluoride
- Acrolei n
- Semi-volatile organic compounds
- Volatile organic compounds

Also during all sampling the M8 chemical agent alarm was exposed to the
heated exhaust air stream. The M8 chemical agent alarm was used during
these tests to determine if a relationship existed between the alarm
signal given by the M8 chemical agent alarm and concentrations of C
hydrolyzable fluoride detected in the air sample

The sampling test plan was proposed to U.S. AEHA for their

approval. U.S. AEHA reviewed the plan and recommended Versar proceed

with thp P:anned activities.

The following sampling runs were conducted at VSE on 18 and 19,

December 1982:

,0.,

A'-•
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#0 0.5 hour high heat; no TFE grommets in position;
0.4" H20 flow restriction.

#1 1.0 hour haigh heat; new TFE grommets in position;
0.4" H20 flow restriction.

#2 1.0 hour high heat; new TFE grommets in position; 0.4
to 0.7* H20 (variable) flow restriction; over
temperatures switches were operating which resulted
in the heater cycling from high to low to no heat modes.

f3 46 minutes high heat; new TFE grommets in position;
0.7 to 0.78' H20 (variable) flow restriction;
heater fan motor overheated ending test at 46 minutes.

#4 1.0 hour high heat; new TFE grommets in position;
0.74 to 0.78" H20 (variable) flow restriction.

#5 4.0 hour high, heat; new TFE grommets in position 0.74 to
0.84" H20 (variable) flow restriction.

A summ-u; of the samples collected for each of the sampling runs is

presented in Table 22 for 18 December 1982, and Table 23 for 19 December

1982. The M8 chemical agent alarm was operated continuously during all
sample collection activities.

During this two day sampling period the M8 chemical agent alarm

did produce an audible alarm during several of the above sampling runs.
Sampling runs #0 and #1 were performed with the normal 0.4" H20
pressure differential across the heater and there was no M8 alarm heard.
During sampling run #2, the M8 alarmed at +10 minutes with an exhaust

temperature of 116"F. The signal lasted for 4 minutes, and stopped. The
sigrll stopped approximately 1 minute after the heater cycled from high

heat to low heat. At +46 minutes the heaters cycled to high heat and one
minute later the M8 alarm went off at an exhaust temperature of 114°F.
The .larm lasted for approximately one minute.

Sampling run #3 lasted for 46 minutes because the fan motor
overheated and automatically turned off the unit. The M8 chemical agent

alarm was observed continuously from +6 to +36 minutes from an exhaust

/V -
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TABLE 22

SLUMARY OF AIR SAMPLES COLLECTED ON 18 DECEMBER 1982
AT VSE FROM A PATRIOT HEATER/AIR CONDITIONER UNIT*

TOTAL

0.5 MR** 1 HR*** I HR*** 1 HR*** 1 HR*** SUMMARY

0.1 N NaOH impinger 1 3 3 3 3 13

1 percent NaHSO3  1 3 3 3 3 13
impinger

Porapak Tube 1 3 3 3 3 13

Charcoal Tube 2 6 6 6 6 26

M8 Chemical Agent ] 1 1 1 1 5
Al arm

TOTALS 6 16 16, 16 16 70

* Unit tested was SN 81013.
** No TFE grommets were in position on the heater rods during this test.

*'**Before each one hour test new TFE grommets were placed into positicn
on the heater rods; samples were collected for periods of 15, 30,
and 60 minutes for each sample type. M8 chemical agent alarm was
operating continuously.

AS

1.;<
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TABLE 23

SUI4ARY OF AIR SAMPLES COLLECTED ON 19 DECEMBER 1982 I
AT VSE FROM A PATRIOT HEATER/AIR CONDITIONER UNIT*

TOTAL
1 st HR** 2nd HR*** 3rd HR*** 4th HR*** SUMMARY

0.1 N NaOH impinger 10- 4 4 4 22

Porapak Tube 5 2 2 2 11

Charcoal Tube 10 4 4 4 22

M8 Chemical Agent 1 1 1 1 4
Al arm

TOTALS 26 11 11 11 59

* Unit tested was SN 81013; new TFE grommets in position.
** Dutifng this hour, samples were collected for periods starting at

0-10 minutes, 10-20 minutes, 20-30 minutes, 30-45 minutes, and 45-60
minutes for a total of five sample sets. M8 chemical agent alarm
was operated continuously.

*** During the second, third, and fourth hours, samples were collected
the first 30 minutes and the second 30 minutes for a total of two
sample sets each hour. M8 chemical agent alarm was operating
continuously.

•.'.
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temperature of il5"F to an exhaust temperature of 152"F at +36 minutes.
The unit was operated at a higher temperature at this point attempting to

create the conditions that would cause the alarm to. respond. There was

no mor-1 M8 alarm heard during this sampling run.

During sampling run #4, the M8 alarm began at +5 minutes with

an exhaust tomperature of 115F and continued to alarm for the remainder

of the 60 minutes. Exhaust temperatures observed during the period the

M8 alarmed ranged from a low of 115"F to a high of 147"F.

Sampling rin #5 was conducted on 19 December 1982, and its

duration was four hours. The M8 alarm was heard on and off during the

first three hours, but none in the last hour. At the three hour point

the heater fan motor overheated and shut down the system and testing.

The unit cooled down and was restarted, but no M8 alarm was heard in the 44"
last hour. The M8 chemical agent alarm briefly alarmed at +15 minutes

and an exhaust temperature of 117F. M8 chemical agent alarm was heard

continuously from +25 minutes to +65 minutes with. exhaust temperatures

ranging from 119 to 130"F. In the remaining 115 minutes, the M8 chemical

agent alarm was only occassionly heard. During this period the

temperature slowly increased from 130 to 147F.

The summary of the M8 chemical agent alarm results exhibit that

new TFE grommets in a heater operated at temperatures near 115F with

some flow restriction may create an irritant that causes the M8 chemical

agert alarm to respond. As the TF'E grommets continue to be exposed to

the heater rods, it takes a much higher temperature in the heater to .

cause the M8 to respond, indicating that less surface un each TFE gronmmet

is exposed to the heat.

Hydrolyzable Fluoride

There were serious problems with the hydrolyzable fluoride

results. Some blanks appeared to be ý,ontami nated, and the

reproducibility between duplicate samoles was greater thai 100 times

,4/ -1r2-
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poorer than laboratory results. Although some hydrolyzable fluoride was

found in the exit air from the heater/air conditioners, no conclusions

could be drawn from the data. The data could not be used and a second

sampling for just hydrolyzable fluoride was planned. Fluoride analysis

was done on site and extensive blanks were taken to assure that there was

no contamination. These results are discussed below in Fluoride Analysis

at VSE 8 January 1983.

Acrol ei n

No acrolein was found in any of the samples taken.

Semi-Volatile Organic Compounds

Semi-volatile organic compounds were analyzed using the

procedure presented in Section IN.A. Briefly, the charcoal tubes were

-desrobed with 5 ml of n-hexane and analyzed by electron capture gas

chromatography. Three peaks consistently showed up in the samples taken

at YSE. They were present in the ambient air, and in the discharge air
from the heater/air conditioner. They were not prescnt in the blanks. 14

The amount of the three compounds found was proportional to the total

amount of sample taken, and it had nothing to do with the operating

conditions of the heater/air conditioner. The compounds are apparently

low level contaminants in the ambient air at VSE.

Field Sampling at VSE, 8 January 1983

The field sampling activities conducted at VSE's Alexandria

facility on 8 January 1983 were developed to ensure reproducible results

could be obtained from the fluoride analysis. The PATRInT heater/air

conditioner was operated in a "cortrolled" high heat mode with fluoride

samples and M8 chemical agent alarm being collected from the heated

exhaust air at the same location (aporox-mately eight feet from the, face

of the heater). The "controlled" high heat mode required that both

AlI?
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over-temperature switches be wired out which resulted in high heat

operation during all sampling. A constant pressure differential across

the heater rods was maintained by restricting the intake air flow to

achieve a pressure differential of 0.64 to 0.72" water. F(ur sampling 7ol
runs were perfonmed at high h'eat: one without TFE grommets and three

with ne4 TWE grommets placed In position before each run. All activities

were carefully documented so that the individual sampling runs could be
dupl'Icated and to assist Versar in the determination of a relationship

between h'drolyzable fluoride, levels and the initiation of the M8

chemical agent alarm.

The following sampling runs were condxted at VSE on 8 January

1983:

- 0.5 huur high heat; no TFE grommets in position;
0.64" H20 flow restriction.

- 1.0 hour high heat; new TFE grommets in position;
0.67" H20 flow restriction.

- 2.0 hour high heat; new TFE grommets in position;
0.72" H90 flow restriction.

- 2.0 hour high heat; new TFE grommets in position;
0.72" H20 flow restriction.

A summary of all nydrolyzable fluoride samples collected .s provided in
Table 24. The M8 chemical agent alarm was operated continuously during

all sample collection activities.

During the sample collection activities, sampling personnel
recorded the periods when the M8 chemical agent alarm wai heard. The

first sampling run which was 0.5 hour long without TFE grommets did not
stimulate the M8 chemical acaent alarm which was the expected result. The

first 1.0 hour run at high heat with new TFE grommets in position also

did not create an M8 alarm. This run was stopped at 1.0 hour because of

the lack of the M8 alarn as well as some problems encounted in creating

-V -yr' lo
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TABLE 24

StWJARY OF AIR SA.ES COLLECTED ON 8 JANUARY 1983
AT VSE FROM A PATRIOT HEATER/AIR CO•OITIONER UNIT*

lst 1st 2nd TOTAL
0.5 HR 1.0 HR** 2.0 HR*** 2.0 HR*** SUW4ARY

Fr4
0.1 N NaON 3 17 23 23 66

M8 Che•ical Agent 1 1 1 1 4
Alarm-----

"TO1ALS 4 18 24 24 70

i

* Unit tested 4es SN 81013.
Prior to iater operation, new TFT gromuets In position. Samples
collected In triplicate for per ods fro= 0-10 minutes, 10-20
minuter, 20-30 minutes, 30-45 minutes, And (S-60 minutes. SampIes
collected in duplicate for a per',,k .rom 0-60 minutes. Sampling ,Uvn
stopped before completion bacc^ie on-site analytical anm1ysis

91 determined that problems among triplicate samples were encounterod.
:. ,% M8 chemical agent alarn was operated continuously.

,Pior to, heater operation for each set, new TFE grommets in
"•position. Samples collected in tn:pltcate for peoods from 0-10" '•",minutos, 10-20 minutes, 0-30 minuý,-_, 30--45 minutes. 45-60 minutes,
60-90 minutes and 90-12to minutes. Samples e.ollected in duplicate
-for a pero. from 0-60 minutes. M8 chemical agent alarm was

"operating continuously

" .0'T'
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good triplicate fluoride results. It was also observed at +15 minutes

that the M8 chemical 4gent alarm may have been started incorrectly not

allowing sample air to be pumped through the alarm. At this ti.m it was

restarted correctly, however, no alarm was heard.

*' The sampling set-up was modified slightly so that all air

samples were drawn from the same point, and the flow was restricted to

i 0.72" H20 beforo the first full 2.0 hour run was begun. During this

sampling run, M8 chemical agent alam was heard for a period of eight
minutes from +5 to +13 rinutes with an exhaust temperature ranging from

132 to 139*F. After +13 minutes, no M8 alarm was heard for the remaining

107 minutes. The next section will describe the anlytical results for

hydrolyzable fluoride.

A second 2.0 hour run was made to duplicate the above

"experiment. With rew TFE gronets In position and the heater in high

heat mode, the s•mpling equipment and 18 chemical agent *alarm were

started. The 48 alarm was heard from +7 to +13 minutes with an exhaust

temperature of 132 to 1390F. The M8 alarm was also heard fro. +23 to +30
minutis with exhaust temperatures at 141F. No M8 alarm was heard during

the last 90 minutes. The next section describes the fluoridc analysis

conducted at YSE on 8 J~nuary 1983.

p. Fluoride Analysis at YSE, 8 January 1983

g Fluoride analysis was done on site at YSE ,during the samplinq

on 8 January 1983. Versar collected 66 fluoride samples, and analyzed p

64. Sixty-seven blank samples and three samples of ambient air were also

collected. The ambient air samples and 12 of the blanks were analyzed at

*iSE. None of the ambient air samples hati detectable levels of fluoride,

and only one of the blanks had detectable levels of fluoride Tlhe level

in this one blank corresponded to 18 u/im3 . Since most of the airborne

fluoride results were much higher thin this, the low level in this one

blark is not a cause for concern.

,1v
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We attempted to analyze the fluoride samples very quickly. The

results obtained on site would indiccte whether any changes in the

sampling procedures were necessary. For many samples, the electrode was

not allowed to equilibrate long enough because of the short analysis

time. The results presented here were confirmed with laboratory analysis.

The results of the fluoride analysis are presented in Table

25. In Experiment 1, where the samples were taken about two inches away

from each other in the air stream, there was an unacceptable amount of

variability in the triplicate samles (i.e., 20, 38 and 110).

Furthermore, the sample taken from 0 to 60 minutes was luwer than the

samples taken 'at any time in the 60 minute run. These implausible

results Indicated that the experiments should be repeated and they were.

In Experiments 2 and 3 the sampling locations were much closer

to each other. This resulted In an apparent improvement in the

reproducibility between the triplicate samples. 'There was still 'a
significant amount of variation in some sets, but it was reduced from the

first experiment.

. Figures 46 and 47 show a plot of the fluoride concentration,

versus time for the duplicate experiments. The fluoride concentrations

* are the averages of three determinations.The results from all three
experiments show that the flo.- ride concentration reaches a maximum

between 10 and 20 minutes of operation. The concentration then siowly

falls off for the rest of the experiment. An apparent effect level in
3 (3)each figure of 50 ug/m . Dwiggins, Wiggins and Dwyer have

reported levels of hydrolyzable fluoride concentrations In the range of

50 to 1000 ug/m 3 In areas where illness occured.

-r 4" 0. 0% r. d'. 4%.
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TABLE 25

FLUORIDE RESULTS

Condiltioning Tim. Triolicate Air Concentrations ug/mrn Average

Without 0-30 5 4 6 5

Groamets

Grommets

Expt. 1 0-10 20 38 110 56
10-20 250 250 spilied 250
20-30 60 70 70 67
30-4S 60 32 31 41
45-60 50 33 47 43

0-60 12 4 - 8

Expt. 2 0-10' 200 140 180 173I 10-20 180 220 140 180
20-30 108 88 100 99
30-45 70 120 80 90
45-60 40 52 100 64
60-90 60 53 38 so
90-120 48 43 27 39
0-60 110 110 -- 110

Expt. 3 0-10 115 120 83 106
10-20 115 230 210 185
20-30 68 115 138 107
30-45 110 57 120 98
45-60 31 63 57 s5 o.
60-90 40 60 65 55
90-120 31 22 33 29
0-60 NA NA --- NA

NA a Not analyzed in field.
a Not collected.
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Using the fluoride results and the air flow rate during the

sampling a total amount of hydrnlyzable fluoride can be calculatId. For

example, durirg the first ten minutes of Experiment 1, the average

fluoride concentration was 56 ug/m. During tHp time the d scharge
rate from the heater/air conditioner was 250 cfm, which s 23.2

m3/min. The total amount of hydrolyzable fluoride lost dur ng the

first ten minutes was, therefore:

56 ugA/3 x 23.2 m3/min x 10 mn - 13,000 ug - 13 mg

This procedure can be repeated for every sa,.,pling period, and the results
can be sunuiid over the duration of the experimet'r T-his analysis shows

that 116 mg of Vydrolyzable fluoride was released during Experiwent 1.
During Experiment 2, 220 mg were released, and •uring Experiment 3, 202

mg were released.

After each experiment the grommets wrre removed. They were

taken to the laboratory and weighed. The '.otal weight loss of the
grommets in each of the units was, therefore, obtained. In Experiment 1,
795 mg of TFE were lost, in experiment 2, 1247 mg of TWE were lost, and
in Experiment 3, 1022 mg of TFE were lost. The results are presented in
Table 26, along with the total amount of hydrolyzable fluoride released
during each of the experiments. The table 31so presents the percentage
of the fluorine lost from the g.,ommets which ýppears as hydrolyzable
fluoride. Given the variability of the air 'tream, •he results are

- remarkably consistent. Between 19.2 and 26.0 percent of: the fluoride
"lost appears as hydrolyzale fluoride.

C. Phase III - Shelter Investigati'3., Sampling Conducted at
Fort Bliss, Texas 20 - 21 7 anui-Fg1983

Activities conducted previous to this sampling trip t. Fort
Bliss, Texas indicated that decomposition products were observed when TFE

grommets were exposed to high heat conditions. The major decomposition

v-i
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TABLE 26

P-ERCENT CONVERSION OF TFE TO HYDROLYZABLE FLUORIDE

Hydrolyzable Percent Fluoride
Experiment "FE Lost Fluorine Lost Fluoride Found Accounted for

1 7P5 mg 604 mg 116 mg 19.2

2 1247 mg 948 mg 220 mg 23.2

3 1022 mg 778 mg 2UZ mg 26.0

S
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products were =asured as hydrolyzable fluoride using a NIOSH approved

sa+Wpling and analysis methodology. Previous to this Phase III

investigation, Phase I was conducted at Versar's laboratory to determine

the decomposition products of TFE grommets and which sampling and

analytical methods would 5e applicable to provide the necessary

information to direct proposed activities in Phases II and III. The

resu'lts of Phase I provided sufficient information to perform the Phase
II bench study on a free standing heater!air conditionler at VSE's
facility. During Phase II, Versar monitored for the decomposition

products of TFE using the sampling and analysis method specifically

developed for hydrolyzable fluoride along with the use of the M8 chemical

agent alarm. A complete description of the Phase I and II activities is I
provided in Sections IY.A and S.

The objective of the Phase III field investigation conducted

Fort Bliss in an ICC shelter was the following:

- Determine air movement in the shelter under several
operating conditions and proper heater/air conditioner
operation with respect to high and low heat modes.

Perform on-site analytical determinations of hydrolyzable
fluoride concentration in the ICC shelter and provide a
relationship between hydrolyzable fluoride levels and the
real-time monitor, M8 chemical agent alarm.

- Attempt to duplicate shelter conditions and heater operation
similar to those reported by Raytheon Corporitfon in April
1982 when original incident occurred, and by Fort Bliss
personnel when the November incidents occurred.

Sampling

Versar's sampling and analytical personnel arrived at Fort

Bliss, Texas at 0800, 20 January 1983 and were taken to Abernathy park
where an ICC shelter was made available for our testing for the next two

days (the ICC shelter is configured similarily to a CRG shelter; the ICC
shelter has two PATRIOT Heater/Air Conditioners rather than one as in the
CRG). A physical inspection of the ICC shelter was made as follows: (

i A/ -/'3



PATRIOT Heater/Air Conditioners

- SN 80104 (curbside) - no TFE gromnets in position; inside
of heater box appeared in good condition and no aluminum
shielding missing or damage to black foam; and tygon drain
tubing on fresh make-up air side burnt.

- SM 801163 (roadside) - no TFE grommets in position; no
other inspection performed because heater was not to be
operated in a heating mode during tests.

- InsideiCCihe~er, dT~imensons were taken of exhaust and
return air ducts and a traverse was set-up on each to
perform 4ir velocity determinations. Shelter has an
internal Nair corditioned" volume of approximately 8 cubic
meters (280 cubic feet). The dust filter on the return air
duct was dirty; however, all other physical features
appeared similar to the previous inspection in November 1982.

Sampling activities were begun on 20 January 1983 at 1000 and
completed by 1230 on 21 January 1983. Air samples for hydrolyzable
fluoride were collected and the MS chemical agent alarm was operated

during all phases of heatc- operation. Versar collected 67 air samples
and 68 blank samples which were analyzed on-site, and determined air

velocities during each testing phase. The two .M8 chemical agent alarms
were operated by Sgt. Lee of the Fort Bliss NBC school. The following

tests were ccqnducted:

Test #1: Curbside unit high heat; roadside unit off;
make-up air open; no TFE gronmmets; duration - 60 minutes.

Test #2: Curbside unit high heat; roadside unit off; .2
make-up air open; new TFE grommets (set #1); duration - 120
minutes.

Test #3: Curbside unit high heat; roadside unit off;
make-up air open; no TFE grommets; duration - 60 minutes.

Test #4: Curbside unit high heat; roadside unit off; , 2
make-up air closed; new TFE grommets (set #2); duration -

120 minutes.

n m I I I I IL
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Test #5: Curbside unit high heat; roadside unit low heat; 4
no heater rods on; make-up air open; new TFE grommets (set
#3); duration - 90 minutes.

Test #6: Repeat of Test #5, but with new FE grommets (set
#4).

Test #7: Curbside unit high heat; roadside unit low heat;

no heater rods on; make-up air open; no grommets; duration -
30 minutes.

A discussion of the hydrolyzable fluoride results and air flow

data will be presented in the next section. The two M8 chemical agent

alarms were operated continuously during all testing. The M8s alarmed

during Tests #5 and #6 only. These two tests were conducted with the ICC

shelter in an operating mode that is similar to the way the shelter

should be operated under normal field conditions. During Test #5, the

M8s sounded from +9 minutes to +19 minutes with exhaust temperature from

106F to 114F. At +19 minutes, the heater cycled to low heat ard the

alarms ceased. During Test #6, the M8s began alarming at +8 minutes and

continued to +32 minutes. The exhaust temperatures ranged fro 108"F to

128"F. At the high temperatue of 128"F and +32 minutes, the heater

cycled to low heat and the M8s stopped alarming. During both tests,

after the heaters cycled to the low heat mode, the M8 chemical agent

alarm was nvn heard again. A further discussion of the results will be

presented in the next section.

Results of Sampling at Fort Bliss, Texas 17 - 18 January 1983

Samples were collected in oi !CC shelter at Fort Bliss, Texas.

They were analyzed on-site for hydrolyzaiue fluoride using NIOSH Method

P&CAM 117. The temprrature in the shelter, the air flow in the shelter,

and the weight loss of the TFE grommets were also measured. Finally, we
tested the M8 chemical agent alarm to see If it could detect the products

of decomposing TFE at low enough concentrations.

AJ -
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Air Flow Results

Air flows in the shelters were measured with a hot wire

anemometer. The results are presented in Table 27. The exhaust and

return flows were measured at six points across the appropriate ducts.

The results in Table 27 are the averages of multiple detenminations. The

make-up air was measured at the opening of the fresh air intake duct.

The results indicate that there is some other source of fresh air to the

heater/air conditioners. That is, the sum of the return air and the

make-up air flows is less than the exhaust flow. Additional fresh air

could possibly enter the heater/air conditioner through two locations.
First, the CB filter leads to the fresh air intake. If the filer was on
or if it was leaking, extra fresh air could enter which would not be

reflected in the measurements. Second, leaks can occur at the point
where the heater/air conditioners are attached to the front of the

shelter. According to Robert Sherfy (VSE), there is a foam rubber gasket
at this connection which could possibly leak. Make-up air flows are much

lower than expected, while the flows for the exhaust air and the return

air are close to the expected values. Table 27 also includes a

calculated make-up air flow. This flow is the (;!fference between the

exhaust air flow and the return air flow. In order to define the

discrepancy, more detailed air fluw measurements need to be made. For
the purpose of this work the calculated make-up air values will be used.

Grommet Weight Loss

Before the grommets wire taken to Fort Bliss, Texas they were

weighed individually and placed In separate containers. After use in the
heater/air conditioners, they were again put In sepdrate containers and

taken back to the laboratory to be weighed. The weight loss of the four
sets of grommets used in presented in Table 28. These four sets of

grommets were used in Experiments 2, 4, 5, and 6.

9
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TABLE 27

AIR FLOW RESULTS (cfu)

Calculated
Exhaust Return Make-up Make-up

Experiment #2 574 270 50 324

Experiment #4 486 317 Closed 169

Experiment #5 920 552 60 369
(2 units operating)

Per Unit 460 276 60 184

Experiment #6 918 505 65 413
(2 units operating)

Per Unit 459 252.5 65 .06.5

N.p

p.-

p.,

V..
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TABLE 28

WEIGHT V-S

Experiment #2 980 mg

Experiment #4 430 ;g

Experiment #5 1725 ag

Experiment #6 2468 mg

N9
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Fluoride Results

The data from the fluoride analyses are presented in Tables 29

through 34. In every sampling period three replicate samples were

collected. All three results, and the average of the three results are

presented in the tables. One sample in every twenty' was randomly

selected as a quality control sample. One portion of this sample was

analyzed as usual, one portion wat analyzed as a duplicated, and one

portion was spiked with a known amount of fluoride and analyzed. All of

the duplicate analyses were identical. The spiked samples gave between

74 percent and 86 percent recovery of fluoride. A blank was analyzed

with every sample. Most of the blanks and all of the samples of air
outside the shelter had non-detectable amounts of fluoride. In a few

experiments some blanks had detectable fluoride, but the amount of
fluoride in the blanks was always at least five times lower than the

sample with the lowest concentration. The low levels of fluoride in a

f few of. the blanks are, therefore, not a cause for concern. Table 29

through 34 also include the total weight loss of the TWE grommets, the

conditions of the experiments, and the duration of the experiments.

The heater/air conditioners did not have TWE grommets installed

during Experiments 1 and 3. As expect-d, the hydrolyzable fluoride

levels in these experiments were extrewwly low. In Experiments 2, 4, 5,

and 6, the heater/air conditioners di4 have TFE grommets installed. In

' these experiments, every sample collected contained hydrolyzable

fluoride. The maximum concentration of hydrolyzable fluoride was always

"found during the first thirty minutes of operation. The maximum fluoride

concentration found in each of the experments is presented in.Table 35.
Table 35 also includes the weight loss of the grommets and the conditions

of the experiments. The muaximum fluoride levels for the experiments
3 3range from 48 ug/m to 448 ug/m3. As previously mentioned, other

puzblications(3 ) indicate that decomposing TFe miy cause symptoms of

-.
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TABLE 29

FLUORIDE RESULTS, TEST P1, NO MOVOETS

Time (minutes) Sample A Sample 1 sa0pe C Average

0-30 No ND ND No

30-60 No No NO ND

0-60 ND ND ND ND

All Blanks had ML.

Detection Lftit - 2 ug/m-.

I Conditions: Curbside unit on.
Roadside unit off.
Shelter fans off.
Make-up air open.

I t

:i
.4

.44

.4/.V-4/
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TABLE 30

B .FFLUORIDE RESULTS. TEST #2. WIT GgrOWETS

Time (minutes) Saple A Samle 8 Sample C Average

o030 60 60 66 62

30-60 16 12 12 13

0-60 64 45 81 63

60-120 8 7 7 7

All Blanks had NO.

Detection Limit - 2 ug/m3 .

Gronmet weight loss - 980 mg.

Conditions: Curbside unit on.
Roadside unit off.
Shelter fans off.
Make-up air open.

...

A1 -12



117

TABLZ 31

FLUORIDE RESULTS, TEST #3, NO GR ETS I

Time (minutes) Sample A Sample B Saple C Average

I
0-30 6 6 8 7

30-60 go WD NO MD

All Blanks had MD.

Detection Limit - 2 ugim 3 .

Conditions: Curbside unit on.
Roadside unit off.
Shelter fans off.
Make-up air open.

is.
I t I ti iII II i . I t • tlI • 4
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TABLE 32

FLUORIDE RESULTS, TEST #4. WITH GROMMETS

STime (minutes) Sample A Sample B Sample C Average

0-30 51 44 48 48

30-60 31 18 18 22

0-60 40 43 53 47

60-120 15 1s 13 14

"All Blanks had ND.

Detection Limit - 2 ug/* 3 .

CGri•net weight loss - 430 sq.

Conditions: Curbside unit on.
Roadside unit off.
Shelter fans off.
Make-up air open.

%d
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TABLE 33

FLUORIDE RESULTS, TEST #5, WITH GROMMETS

Time (minutes) Sample A Sample B Smple C Average

0-30 287 270 260 272

30-40 40 38 41 40

0-60 184 175 175 178

60-90 24 19 24 22

"• ~Highest Blank had 9 ug/03.

Grvouet weight loss - 1725 mg.

Conditions: Curbside unit on.
Roadside unit off.
Shelter fans off.
Make-up air open.

.1
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TABLE 34

FLUORIDE RESULTS, TEST M, WITH GMWETS

Time (minutes) Sample A Sample B Sample C Average

0-30 395 492 457 448

30-60 106 90 88 95

0-60 327 336 327 330

60-90 39 30 32 34

Highest Blank had 9 ug/m 3 .

Groemt wight loss - 2468 mg.

Cmnditions: Curbside unit on.
Roadside unit off.
Shelter fans off.
Make-up air open.

1
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TABLE 35

MAXIW.1J FLUORIDE CONCENTRATIONS

Make-up Roadside Shelter Maximum Weight
Experiment Air Unit Fans Fluoride (ug/m 3 ) Loss (tug)

2 Open Off Off 62 980

4 Closed Off Off 48 430

5 Open On on 272 1725

6 Open On On 448 2468

%'A
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polymer fume fever when the concentrations of hydrolyzable fluoride are

approximately 50 ug/m 3 . This indicates that the hydrolyzable fluoride

levels found in the ICC shelter are unacceptably high.

Figures 48 through 51 are plots of the fluoride concentration

versus time for Experiments 2, 4, 5, and 6. In every case the highest
fluoride levels are observed in the first thirty minutes. This initial
peak of fluoride is ?ollowed by a sharp decline.

Interpretation Of Results

The results of the Fort Bliss, Texas experiments clearly show

that the TFE grommets release unacceptable amnunts of decomposition

products into the air of the PATRIOT ICC shelter. Based on the Phase I

(laboratory) and Phase II (YSE) experiments, this was the expected

result. The data did, however, contain a number of surprfses.

While planning the experiments, we thought that the fluoride
concentrations would be highest when the make-up air flow was lowest as

it was itn Experiment #4. The make-up air should dilute the decomposition

products, so we assumed that blocking the make-up air would be the worst

case. In fact, it was the best case. The results from these experiments

show that the fluoride concentrations are highest when' the heater/air

conditioner and the shelter are operated exactly as they are designed to
operate. The worst case situation appears to be the normal operating

condition. This observation is discussed in the following paragraphs.

A portion of the exhaust air from the PATRIOT Heate'/Air
Conditioners Is recycled internal air from the ICC. When WE grommets

;re installed in the units, the recycled air is alreaJy contaminated with

hydrolyzable fluoride. We expected, therefore, that the concentration of

hydrolyzable fluoride would increase as the percentage of recycled air

increased. In fact, exactly the opposite occurred. Table 36 presents

the return air flow, the exhaust flow, the ratio of the two flows, the

4
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TABLE 36

EFFECT OF RETURN AIR FLOW

Return Weight I
Exhaust Return Exhaust Fluoride Loss (ag)

Experiment 2 570 270 0.47 62 980

Experiment 4 490 320 0.65 48 430

Experiment 5 460 280 0.61 272 1725

Experiment 6 460 250 O..4 448 2468

N
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maximum fluoride concentration found, and the weight loss of the TFE
gromets. Experiment 4, with the highest return air flow and the

greatest percentage of return air, also has the least weight loss and the

lowest fluoride concentrations. In contrast to this, Experiment 6, with
the lowest return air flow, had the highest weight loss and the highest
fluoride concentration.

* Although these results are surprising, we think there is a good
- explanation for them. The return air in the PATRIOT Heater/Air

, Conditioners enters the units directly in front of the heating rods. As

the retmun air flow increases, the heating rods are cooled and the TE
91 ts are exposed to lower tmperatures. When the return air flow
decreases,, the heating rods get hotter, and th Th E grommets are exposed.

* to higher temperatures. On the other hand, the make-up air does not
"appear to affect the fluoride levels found. The make-up air enters the
units very close to the intake of the squirrel cage fans. This air
probably does not pass over the heater rods, so it as no effect on the

. tmperatuve that the WE gr ts are exposed to. The highest fluoride
co•ctetrations wen found when both heater/air conditioners were running,

--nd when the shelter cooling fans were on. This increases the total air
flow through the sfelter, and Increases the dilutlon of the TE
decomposition products. However, it also decreases the return air flow,

' - and therefore increases the amount of TWE decomposit•,. 'weight loss) and
Sthe concentration of hydrolyzable fluoride. The cooling fans have the

saw effect as blocking the return air it PhAse UI. Ni exit air
temperature is raised and the TFE grets undergo Aore rapid

decpopition.

Figure 52 presents a silitfied schemtic of the air flow

patterns itn the ICC shelter. The instrumnt panels contain fans which

- .pull air over the electronic components. The fans are designed to
"maintain a negatlve static pressure inside the tnstrument panels. Some

S.-0
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of the air which passes through the instrument panels comes from the
i inside of the shelter. This reduces the static pressure inside the

shel ter.

Figure 53 shows the effect of the reduced static pressure In the

shelter. The return air flow is not fan forced. It is driven by a

pressure differential betve, the interior of the shelter and the inside
of the heater/air conditioner. When the instrment coo' ng fans are

turned on, the pressure- differential decreases, and therefore the return

air flow decreases.

The Ph&se I and Phase II experiments indicated that 20 percent

Sto 30 percent of the fluoride lost from decomposing TE appeared as

hydrolyzable fluoride. We estimated the percent conversion in the

experiments at Fort Bliss using the following procedure. The total
weight loss of the grommets was divided by the duration of the experiment

* to give the average rate of weight loss in mg/min. This was divided by

the calculated make-up air flow In a 3Airn. This ratio is the average
concentration of Tt decoosition products over the duration of the
experiment. The average hydrolyzable fluoride concentration in the

. experiment was divided by the calculated concentration of TFE
decomposition products to give a percent conversion of TE into
hydrolyzable fluoride. An example of the calculation is presented in
Table 37 along with the percent conversions for the four experiments.

The convetions rarged from 4.3 percent to 11.9 percent for the
Sexperiments. Givim the uncertainties concerning the true air flows, this

is reasonable agreement.

Field Exposure Iricdent

During the testing at Fort Bliss, thte access to t*e ICC shelter

was restrlcted to the Versar sampling personnel and SPS" Carl Wright

because of the possible presence of hydrolyzable fluoride during heater

S•~/ _ '"7
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TABLE 37

j cCOWMEIOsI OF TFE Iro mDRMOYZABLE FLUORIE

jAverage Average
Fluoride Concentrltion Fluoride Concentrati n Percent

Calculated ugM4  Obsarved ug/ma Conversion

Experiment 2 676 28.75 4.3

Experiment 4 5"8 27.6 4.8

Expert ment 5 1391 119 8.6
3

Experiment 6 1778 212 11.9

" Example calculation for Experiment 6:

g os .7

S24168 eg ltx • 1  * - 20.8 L/gMn Fluorine lost
: ~90 mnrl

413-413 cf4 x 1 a 3 11.71 a3/in.

3S..6 3

. 1.778 mg/m 3

11.71 m 1/mn

212 ,,/i found x 1 0 11.9 percent

"1778 mg/m calculated

* A
-. ¶
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operation. Persons entering the ICC shelter during most testing phases
wore protective breathing apparatus. The protective apparatus used was a
half face respirator (Mine Safety Appliance type "Confo 11 Custom
Respiratarm) equipped with cartridges that are approved respiratory
protection for acid gases and organic vapors (cartridges produced by Mine
Safety Appliance)

On 20 January 1983, during testing conducted in the ICC, Mr.
John Richards and SP5 Carl iWright entered the shelter for several short

periods (2-9 minutes) without respiratory protection during the time when
the TFE grets were exposed to high heat and the possibility existed
for personnel exposure to: airborne hydrolyzable Fluoride. Figure 54

presents the levels of fluoride and the duration of exposure to fluoride
either with (indicated by a letter Y) or without (indicated by a letter!3
N) respiratory protection. For visual clarity the point for zero uU/3

of hydrolyzable fluoride ts! raised above the X axis in Figure 54. The
exposure to fluoride apparently occurred during Test #2 (new TTE
grommets) when levels of fluoride were below the 50 ug/m 3 'level. The
hydrolyzable fluoride concentrations were less than 20 ug/m 3 during all
exposure periods where respiratory protection was not used.
Approximately three hours after the first exposure both Mr. Richards and
S05 Wright began exvtriencing som* mild adverse health effects, which
began wi th a ti ghtness in the chest and coughitng. The coughing was
shallow. It was uncomfortable to cough deeply. The tightness in the
chest persisted for approximately one hour while the coughing lasted for

another 2-4 hours. Approximately four hours after the initial exposure.
both Mr. Richards and SPS Wright felt body chills that lasted for 2-4
hours. Rr. Richards had a loss of appetite that evening, although SPS
Wright did not experience the same loss. Fioth persons went to bed early
that evening and felt fine the next morning without any after-effects
from the apparent exposure on the previous day.

it
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During the day the incident occurred, both Mr. Richards and SPS

rlight were exposed to similar environmental factors, although Mr.

Rtihards may have had a 5-10 minute longer exposure period In the ICC

shelter than SPS Wright. It should be noted that during the day both men

had worked outside on a rairt cold (40"F). windy day for two 1.5 hour

periods. During that day, both men were exposed to the high temperature

conditions inside the shelter and quickly exposed to the coldness

outside. Although these conditions may have created the chill feeling

they ezperfenced, the other conditions are remarkably similar to related

incidents of exposure to TFT breakdown products, referred to as Polymer

Fume Fever (PFF). In sumary, the exposure period to hydrolyzable

fluoride was of short duration, and the levels of fluoride were well

below 50 mgJ/m . but bott men appeared to experience the typical Zi

reactions of exposure to TWE breakdown products.

On 20 January 1983, three other people partricpated in the 5 /

sampling and analysis: Dr. C. Carter and Mr. J. Foster of Yersar, and

Sgt. Let of the For Btliss NBC school. None of them had any PFF

symptoms. Dr. Carter and Sgt. Lee never entered the sk-iter ihen TFE

groimets were installed. Mr. Foster did enter the shelter, but he always

wore respiratory protection.

Conclusions

All three phases of this experimental endeavor strongly

Indicate that the incidents at Fort Bliss in early November were caused

by exposure to the decomposition products of TE g. mets. The Phase I '.4
laboratory experiments showed that gromets from the PATRIOT Heater/Air

Conditioner will decompose when placed on heater rods from the PATRIOT

4ater/Air Conditioners. A multitude of decomposition products are

produced, many of which are known to be hazardous. The Phase I
experiments showed that 20 percent "• 30 percent of the weight loss of

the grvmets was converted to hydmlyzable fluoride. The experiments

I i -,,
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also showed that hydrolyzable fluoride measurements could be used as a

The Phase II experiments, showed three things. First, the

PATRIOT Heater/Air conditioners did release substantial quantities of

hydrolyzable fluoride when gromets were installed. The levels. of

hydrolyzable fluoride found were, in some cases, high enough to poss-.bly

cause symptoms of polymer fume fever. Second, the amount of

decomposition of the TIE grommets ws highly dependent on tt. return air

flow. As the return air flow decreased the amount of decomposition

increased. Third, the M8 chemical agent alarm did respond to the
decomposition products of TFE, but only at levels which are higher than

50 ug/V3 (Figures 46, 47). Other authors t3)r have observed symptoms

of polymer fume fever at hydrolyzable fluoride concentrations around 50
3ug/m

The Phase III experiments showed conclusively that the PATRIOT

Heater/Air Conditioners release unacceptable quantities of TFE
decomposition products Into the PATRIOT shelters when TFE grom.ets are

installed. The concentration of decomposition products inside the

shelter appears to increase as the return air flow decreases.

Furthermore, the concentrations are highest when the shelter ai- handling

-system is operated exactly as designed.

The Phase III sampling also showed conclusively that the M8

chemical agent alarm was not sensitive enough to serve as an alam for

decomposing Th E. In experiments 2 and 4, the hydrolyzable fluoride
3reached a maximum of 62 and 48 ug/m (Figures 48, 49). The M8 chemical

agent alarm dld not respond during either of these experiments. During

these experiments, two of the members of our sampling team temporarily

removed their respirators. Shortly thereafter, they developed mild

symptoms. In Experiments 5 and 6, the hydrolyzable fluoride reached a

33
maximum of 272 and 448 ug/m . The M8 chemical agent did respond, but

after the hydrolyzab'ie fluoride was well above 50 ug/m3 (Figures 50,
51). In addition, it stopped responding at concentrations much higher

than 50 ugAn 3.
S|t
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TRIP REPORT

APPUID C~tugsmv V1w:3,gr

Staff: Neil B. Jurinski and John Richards
Date: 8-9 November 1982
Site: Fort Bliss, El Paso, TX

PURPOSE: To conduct Interviews with Individuals reporting adverse health
effects associated with work activities in shelter units equipped with Keco
Inaustries heating/air conditioning (H/AC) units. ue

BACKGROUND: Prior events have given indications of the production of a toxicmaterial during use in the heating mode Inside the shelters equipped with
these H/AC units. It was not known whether the high heat, low heat or both

modes of operation were involved.
Extensive sampling and analysis of the suspect units to collect and

Identify toxic airborne contaminants had given negative results t'or the
presence of significant levels of cyanides, carbon monoxide, carbon dioxide,
sulfur dioxide, inorganic fluorides and organic vapors. Low levels of benzene
and toluene were observed. One laboratory reported the presence of acrolein
in one set of samples. High temperature testing of samples of the materials
of construction from the unit gave no positive results to explain the reported

health effects.

PRESENT ACTIVITY: A series of unrelated exposures of seven Individuals
occurred at Fort Bliss, TX over a period of approximately two weeks. Six of
the Individuals concerned were assembled and Interviewed, first individually I
and then collectively, to assemble the reports of symptoms and to attarmine
any commonality. The following persons were Interviewed:

Mr. Daniel J. Young, 44, former smoker, Raytheon
Mr. Philip Kennedy, 32, smoker, Raytheon
Mr. Gary A. Talbot, 35, smoker, Raytheon
SGT Donald B. Olson, 34, non-smoker, DA
SP5 Carl A. Wright, 24, non-smoker, DA
CW2 Henry L. Haberkamp, 35, pipe smoker, DA

One individual, Mr. Mazzochi (Civil Service), was not available due to a
previously scheduled, unrelated medical appointment. Reports of their ,.

Individual statements are appended.
As a result of considering the separate reports plus the coimments from

the group session, the following generalizations may be made concerning the
nature and presence of a toxic agent.

1. There appears to be sufficient evidence to state that one or more
toxic chemical substances are produced and released to the air while
using the heating mode of operation of the H/AC unit.

2. The material(s) produced can be generatei' during the low heat mode of
operation.

3. The material(s) may be produced rapidly and exhibits its toxic effects *.

rapidly, possibly within 3-5 minutes in some cases. :, *

4. Susceptibility to the materials varies between different individuals.
5. Human recognition of the presence of the material (s) may occur by

odor, but not all affected persons noted an odor. Coughing and
dryness of throat are the most commonly reported effect first noted.

S,1
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6. In most cases interviewed there was not a report of irritation or
burning sensation. No eye, nose, throat, larynx, chest or skin
Irritation wis reported, except by one individual who reported burning
eyes and 6hroat but no other effects. No vision problems were
reported.

7. Other common symptoms reported by more than one person were severe
headaches, chest pains described as tightness across the uoper chest,
and Inability to sleep normally or sleeplessness.

8. One Individual did not report sensing any ir:vdiate effects, and had
been In the shelter for approximately four hours during heater usage.
His symptoms included severe headaches and chest pains lasting for 2
days following his exposure. Subsequently he developed a feeling of
nausea, lack of appetite and constipation. In addition he experienced
lightheadedness and a sense of disorientation. These symptoms
gradually diminished with time, but some still persisted on the day of
the interview (6 days following exposure). A biological source of
these symptoms can not be eliminated.

9. Similar symptoms were noted by persons working In other shelter
enclosures equipped with the same type of H/AC units.

10. Persons having short exposure periods recovered from their perceived
symotoms within a short period. Persons with longer duration
exposures had persistent, long duratlon effects. q

11. Headaches were developed by persons with longer duration exposures.
Since these exposures were not perceived in any way, it may be
indicative of a longer term, lower concentration exposure period.

12. Sleeplessness was a common symptom reported by those exposed briefly
as well as those with longer term exposures.

An Inspection of the H/AC units was performed In several of the units
reported Involved In producing symptoms. Only the heater section of the H/AC
units was Inspected. Two different types of defects were observed during the
physical inspection of the ICC shelter: heater rod deterioration and teflon
grommet damage.

In the roadside unit approximately one third of the heater rods showed
visible signs of deterioration. The surface layers were a mottled color and \
the surface was pitted and irreaular over approximately half their length.
The remainder of the rods had an 1 n colored aopearance and showed no visible
signs of damage. The damaged r.,as had a fine-particle layer of brown solid
material that could be easily wiped off the surface. A slight odor was
associated with this fine-particle substance.

Teflon grommets used to position the heating rods within their metal
frame were also noted as damaged. Some grommets were loose and easily
rotated, some were partially melted, and at least one was completely missing.
Damage to grommets was evident in both the road side and the curb side units.

Subsequent to the physical inspection of the H/AC units of the ICC
shelter, an inspection was made of the H/AC units on the nearby CRG shelter,
the scene of earlier comiplaints. The same type of damage to teflon grommets
was noted in the CRG shelter as in the ICC ,;elter. No damage to heating rods
was noted in the CRG shelter.



®~aUHEMCO.3

3i

SPECULATIONS: Based upon the previously mentioned reports and observations,
several speculations may be proposed to assist In obtaining a solution to this
problem during further investigations.

1. One or more toxic material(s) are released during heater operation due
to pyrolysis of the teflon polymers of the grommets.

2. At least one acutely toxic substance is released. Observed
physiological symptoms correlate well with literature reported
symptoms of carbonyl chloride (phosgene) and It is quite possible that
carbonyl fluoride is the material in question.

3. Other organic tluoride compounds may be released in addition to
carbonyl fluoride, however it Is unlikely that significarnt amounts of
hydrogen fluoride or fluorine are contained in the off-gas products of
decomposition due to the general lack of reported irritation.

4. Verification of the natura of the toxic contaminants through sampling
and analysis should concentrate on the determination of the teflon
decomposition products. Since pyrolysis reactions may release
different compounds at different conditions of time and tmperature,
care in defining a sampling protocol Is needed to avoid missing the
temperature zone of Interest during the sampling phase.

RECOMMENOATION: In the future, any person known to receive in exposure to,
these substances should be referred to a physician for observation for
carbonyl halide exposure and checked for the possible development of pulmonary
edema,
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INIYIDUAL EXPOSURE REPORT

Subject: W,. Daniel J. Young, Raytheon Corp., age 44, former smoker.

Date of Incident: approximately 26 October 1982 (2 weeks ago).

S•&ummiry of the Scene: On the day of Incident, 4 other persons were in the
shelter but showed no effects. People were engaged in software work and did
no activities to generate any contaminants. Subject was dressed with a tie
an& short sleeve shirt. Outside weather was dry and sunny, temperature about
40'F, outside air pellution level was about normal, time was about 9 AN. Both
heaters were on low heat.

Effects Noted: Upon entering the shelter he closed the door, turned around

and immediately began coughing. The cough was e high cough, as if something
Ws stuck in the throat. He was standing directly -n the air stream from the

H/AC units in front of the rear door. His throal wss very ary, and he had

trouble 'ustainng his breath. After staying about 4-; minutes, he couldn't
*" stop cowghnrig and left the shelter. Once outside he stopped coughing in about
*. 1-2 ilnutes. Since that time he has noted a problem sleeping, but can not be

sure that this Is related to the Incidence. He recalls having a sharp
headoct* across the rear crown of his head, and reports that he seldom gets
headaches. He did not seek medical attention since the coughing stopped
rapidly.

O other Observations: Other pc.sons In the shelter did not appear to experience
any symptoms of which he was ware. An odor or fraqrance was noted that he
described as sweet, but he could not further Identify It. At the present
time he felt that he was fighting an allergy or possibly something "...related
to pollen.

".7
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INIVIDUAL EXPOSURE REPORT

Subject: Mr. Philip Konnedy, Raytheon Corp., age 32, smoker.

Date of Incident: 4 November 1982

S,;•mry of the Scene: On the day of incident, I other person (G. Talbot) was
in the shelter. Both were engaged In software work and did no activities to
generate any contaminants. Subject was dressed with casual clothing with no
restrictions around neck. Outside weather was dry and sunny, temperature
about 45 F, out;ido air pollution level was moderate, time was about 7 PM.
Both heaters ware on l.a heat uwith m4xilum setting.-
Effects Noted: Within 4-5 minutes of turning on the heater (low heat, maximum

setting) he noted a dryne£¶ In the throat and his mucous membranes. He also
had an irritation of the eyes and throat, but did not experience coughing. Me
had some blinking and watering of the eyes. His chest felt tight, similar to
the feeling you get when you are in a dry sauna. It took about 3-4 hours for

2. the dryness to leavr his throat. He reported some difficulty in sleeping at
night for that one night. During the subsequent group discussion, he recalled
having had a strong headache the wek prior to this event, right after having
worked Inside the ECS unit under similar conditions.

Other Observations: His work partner (G. Talbot) experienced mre reaction
than he himself did, as Indicated by his coughing. He noted an odor like an
"electrical element" smell similar to 'burned oxide like heated copper', plus
scme other odor. The odor could not be further described, but was not
pleasant. He noted that his *...eyes are not sensitive to CS or tear gas."
No medical attention was sought. He did not necessarily relate the
sleeplessness to the effects of exposure, but thought it might be due to some
anxiety. Ne Is aware that he has some allergies and so wasn't worried by his

yjmptoms. After the first event, the heaters were turned up to maximum heat
to "burn in the heater" for about one hour while the two want to dinner. Upon
return, the shelter was vented and they continued work. He had no effects atF the time of re-entry.

iJ



I

6

INIV)IID(AL EXPOSURE REPORT

Subject: Mr. Gary A. Talbot, Raytheon Corp., age 35, smoker.

Date of Incident: 4 November 1982

Summary of the Scene: On the day of Incident, 1 other person (P. Kennedy) was
in the shelter. Both were engaged In softjare work and did no activities to
generate any contaminants. Subject was dressed wi-h casual clothing with no
restrictions around neck. Outside weather was dry and sunny, teirperature
about 45 F, outside air pollution level was moderate, time was about 7 PM.
Both heaters were on low heat with maximum setting.

Effects Noted: The primary effects noticed were severe coughing and a' chest
pain similar in feeling to pleuracy. He also experienced a dryness of throat
and difficulty in sleeping. The coughing lasted fnr about 3-5 minutes after
leaving the shelter. Chest pain was noted only when he took a deep breath.
On the second time In the shelter (after the high heat period) he reentered
and started coughing after 1-1.5 minutes. After venting the shelter he
coughed for about 5-10 minutes, then continued to work with the unit on in the
air conditioning mode for the rest of the shift. Difficulty sleeping lasted
for about 4 nights. The chest pains lasted for about 2 days and then were
gone. He experienced some tearing in his ritght eye. He attributed this to
the fact that his right eye has very active tear ducts as a result of former
eye surgery on his right eye, and to the extensive coughing which he did.
This eye was a little painful, but similar to the effect he notices from
cigarette smoke.

P Other Observations: His wort partner (P. Kennedy) was bothered by irritated
eyes, but apparently no other problems. His first idea of any problem was
from the coughing. He was nnt aware of any odor or that the heater had been

ANi turned on. He noted a peculiar odor when he stood up from the sitting
. positioai In which he was working. This odor resembled the smell from new

electrical equipment. He did not receive any medical attention, but had
considered seeing a doctor if the chest pain did not subside within another
day or two. He has no known allergies.

1%
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INIIIDtAL EXPOSURE REPORT

Subject: SGT Donald 6. Olson, US Army, age 34, non-smoker.

Date of Incident: 3 November 1982

Summary of the Scene: On the day of Incident he was performing training
sessions Inside the shelter. He trained 4 groups of 4 students/group, 40
minutes/group during the period from 0830-1330. Approximately 0630 he first
entered the shelter and turned both heaters on low heat. By 1030 the air had
warmed sufficiently that he turned off the heaters and placed the units in the
air conditioning mode for the remainder of the day. The day was a normal day
with no severe weather extremes. o high l Ivels of air pollution were ,

remembered. Morning temperature was about 37-40 F. None of the persons in
the shelter on that day exhibited any apparent syptoms at the time except for 'I)

one person, PVT Wilson. Wilson complained after about 10 minutes inside the
shelter while the heaters were on, that he felt nauseous and had to leave. He
went on sick call for the rest of the day. Wilson had prraviously shown flu
symptoms and thus this event was considered to be related to the prior flu
problem. Olson had previously worked Inside the trailer on both Monday and
Tuesday with no apparent symptom on those days.

Effects Noted: Olson first noted a headache about 1500 after finishing the
training sessions. He described It as a sinus-like headache, across the front
of his eyebrows and the temples. That evening It got worse and he laid In bed
after dinner from about 2030 to 2230, during which tim the pain got worse and
was located all throughout his head. He then got up and took an aspirin (an
unusual event for him) and shortly felt asleep. The next morning- (Thursday)
the headache was gone and he went back In the shelter for approximately 1
hour. The heater was not on that day. In the afternoon his headache returned
as a dull ache. On this day he started to experience a nauseous feeling, and
In the afternoon he noted a catch In his throat, similar to that experienced
by draining sinuses. By Friday the nauseous feeling was very pronounced and
he doesn't recall whether he had any headache associated with It. On Saturday'
although he had no headache, the feeling of nausea persisted, but at a
somewhat lessened level. By Sunday this feeling had fairly well left. Olson
experienced no bowel movements from Wednesday through till Saturday afternoon.
During the time of constipation he also experienced stomach cramps. At this
time he had a diminished appetite, but otherwise could eat or drink normally.
He noted that 30-40 minutes after eating, he experienced sharp pains in the
stomach. On Sunday he felt fairly normal. During the period (from Thursday
until the Monday Interview) Olson felt somewhat highly disoriented. He
described It as being unable to concentrate adequately on a task. 'his
feeling has slowly diminished with time, and by 8 November was almost at a
normal level, but he felt still somewhat at an impaired level -if performance.

Other Observations: No unusual odors were noted, aside from *the normal
smell'. During the Wednesday training sessiors the thermal (hard copy)
printer was heavily used and Its smell was quite strong; No operations were
performed which would have generat:ý-f any fumes except use of a thermal
printer. No apparent signs of a ýrvblem were ever noted while In the shelter.
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On Friday, a civilian Instructor (Mr. Mazocchl) using the shelter reported
that he had a headache. He spent considerable tim in the. van on Friday, but
the heaters were apparently not in use on that day except perhaps early in the
morning. Olson has no known allergies. He reported that he had received a
flu shot in the week of 25 October and subsequently experienced a 102 F fever.
Aside from that he had no apparent illnesses.
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INDIVIDUAL EXPOSURE REPORT

Subject: SP5 Carl A. Wright, US Army, age 24, non-smoker. I
Date of Incident: 5 November 1982

Summary of the Scene: On entering the shelter at 1430 to test the heaters
there were 3 Raytheon people already irnside working. Wright and Mr. Haberkamp
entered and Wright turned on the two heater unilts, one to high heat and one to
low heat modes. No operations were conducted that would generatCe
ccntamlnants. Raytheon persons were not soldering or smoking, Bnly performing
maintenance checks. The outside weather was overcast, about 65 F with no wind
and no noticable smog levels.

Effects Noted: Wright was standing in front of the unit tr:ying to smell an
odor. He noted some feeling of lightheadedAess, Wiich he attributes to his
hyperventilating to detect an odor. This feeling arose In 3-4 minutes. He
also experienced a dry mouth and running nose In about 5 minutes. The
symp:tms lasted for approximately 1-1.5 hours, and no lasting effects persist.
After 5 minutes in the shelter ha turned off the heaters and left the shelter.
No other symptoms were noted.

Other Observations: The odor noted wos described as similar to a stove
heating element. No other odors were noted. Mr. Haberkamp was observed to
experience chest tightness. One Raytheon person complained his eyes burned,
but during this time the unit was used in the vent mode. One Raytheon man
mentioned lightheadedness also. Wright has no knovm allergies. He did not
seek any medical attention.
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INDIYIDIAL EXPOSURE REPORT

Subject: CWZ Henry L. Haberkam, US Army, age 35, pipe-smoker.

Date of Incident: 5 November 1982

Summary of the Scene: On entering the shelter at 1430 to test the heaters
there were 3 Raytheon people already inside working. Mr. Haberkamp enteredwi.th SPS Wright. No operations were conducted that would generate

contaminants. Raytheon persons were not soldering or smoking, only performingmaintenance checks. The outside weather was clear, scattered clouds, about:

70 F with no wind.

Effects Noted: After Wright turned on the heaters (left unilt on high, riyht
unit on low) Haberkamp went to rear of ICC and closed door. He turned around
and stayed about 2 feet In from door, in. the air stream from the heater. He
Immediately noted a smell and immediately felt a tightness of the chest
described as a constriction of the upper chest, similar to what one would feel
with a cold. This chest pain lasted for about 1 hour. That night he had
trouble sleeping, but attributed It to other persaial Item on his wind. He
also experienced a dryness of the throat. No other symptums were noted.

Other Observations: The odor was described as like a new heating element plus
another smel. It was stronger than just a heater heating up. He reported no
other persons appeared to be affected, but one Raytheon person reported
noticing an odor. He did not seek any medical attention. No symptoms ,i
persisted beyond 1 hour or returned. He did not note any other sigrs of
malfunction of the units.
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REPORT OF INVESTIGATION

SUBJECT: Selection of Overtemperature Switch Setting for Re-
located Switches in the PATRIOT 18,000 BTUH, Split-
Package Air Conditioner.

CONTRACT: DAAK70-81-D-0109, Task Order 0055

DATES OF INVESTIGATION: November 24, 1982 - February 11, 1983

INVESTIGATION LOCATION: VSE Corporation, 2550 Huntington Avenue,
Alexandria, Virginia

REPORT WRITER: Robert B. Sherfy, Project Engineer

INVESTIGATION OBJECTIVES: a. Determine proper settings for overtemperature
switches relocated to the ,back wall of the evap-
orator-

b. Retrofit one air conditioner with the selected
switches and check f'!r proper operation.

BACKGROUND: Engineer change proposal (EC?) 82CE0387 modifies the PATRIOT air
conditioner heater elements from unfinned to finned to increase heater element
life. Part of' this ECP will also relocate the heater overtemperature switches
from a position just above the right fresh air intake to a location on the evap-
orator compartment back wall, directly behind the beater elements. This reloca-
tion was needed because cold outside air entering the right hand fresh air in-
take would envelop the overtemperature switches, preventing them from detecting
an overtemperature condition in the vicinity of the heaters. The relocation of
these switches to the evaporator back wall will make them less affected by the
fresh air intake and more responsive to excessive temperatures within the unit.
The close proximity of the relocated switches to the finned heater elements
requires that the switch opening settings be changed from 1500F to 210 0 F. These
changem will be incorporated in the third year quantity of air conditioners to
be fabricated under production contract DAAK70-80-C-OI14.

However, by the time this change proposal can be implemented, approximately 744
split-package air conditioners will have been manufactured with unfinned heater
elements and overtemperature switches located near the fresh air intake. The
U.S. Army Mobility Eiuipment Research and Development Command (MERADCOM) has
requested VSE Corporation, under Task Order No. 0055 of Contract DAAK70-81-D-0109,
to investigate a "quick fix" involving the relocation of the overtemperature
switches while retaining the unfinned heater elements. This repcrt documents
that investigation.

DISCUSSION: A PATRLOT air conditioner, S/N 81013, was operated in the high heat-
warmer mode in shop ambient air with up to approximately 80 percent of the return
air opening area restricted. Results of the tests are presented in Attachment
1. With 70 F ambient return air a high temperature of 1660F wig experienced
on the back wall of the evaporator section in the approximate future ositiou
of the relocated overtemperature switches. Allowing an additional 10 F r'se
in return air temperature, a safety factor of 200F to prevent nuisance tripping

-.7



Report of Investigation
Over temperature Switch
Setting, PJO 0300.055 2 March 15, 1983

and account for discrepancies in test set-up and unit fabrication, and a +÷ 0F
tolerance in switch manufacture, the resulting switch settinX'would be 2tOpF.
The wriltar's opinion is that this 1A close enough to the 2100F setting0o~f the
final switches to be used with ECP 82CE0387, to justify using this 210 0 setting.

The advantage would be a one time change in overtemperature switch setting and
switch location.

New overtemperature switches were ordered with 2100F + 6OF settings. These
were installed at the new back wall location in aMr conditioner S/N 81013.
Tests were again performed with a restricted return aLi opening. With a 700F
shop ambient air temperature, no switr.-es tripped, up to an 85 percent restricted .
return air opening. However, with a 90 percent restriction, the switches trApped
regularly% The maximum temperature recorded at the right drain tube was 203 F,
well below the 4500-500 F maeximm tolerance of silicone tubing. See test results
in Attacchment 2.

CONCLUSIONS: The 210 0 F overtemperature switch setting is satisfactory. It is
high enough to prevent nuisance tripping under any but the worst adverse con-
ditions, and low enough to prevent major damage and dangerous outgassing of
susceptible materials in the evaporator compartment.

RECOMMENDATIONS: Implement the "quick fix" change using 2100F overtemperature
switch settings.
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DEPARTMENT OF THE ARMY -

V &IL1,01A A13IANCH 6 01VtLOPME~P-s 2UN?!

$=TIý-KPAT '

SUEXr: Transition of PATRTOT Air Conditioner, 18K BTU

US Army Troop Support&
Aviation Materiel Readiness Coam~and

ATTN: DRSTS-TIB (Mrs. Btckman)
4300 Goodfellow Blvd
St Loids, NIO 63120

1. Reference is made to DASTS-TTB letter dated 4 UvI

2. 'The additional infor-at ion r.- :uctet.1 inl the refcr&unced letter is as follows:

a. The Beivoir RU.D w2-nLer h.4- removedJ the tieflurn grommets from all PATRIOT
air conditioners.

b. The schedule fov -i.r? J:*~&a 'lnid rClU(-,tio~n of the over Lc~perature
swaitch In PATRIOT air c'ii'wrwith 6iO.... an. S1.... serial. nl~mber is as
follows:

Award contract for cni'ifyint 172 air conditioners 15 Mar 84

First delivery o.f -v.tifI' air cojnditioners 15 Jun 84t

Compl ete 30 Sep 84

Note: (1) 62 air co:w. ~ian-crs w. re' ,i.1 ivid tunder
separzitte ;%!r':ii ur.:.r in Aug 83.

(2) Co~plotinI t; schodul1. by, ýO~ S-- is

to Ftz :~ik jV f r.t tndition.:rs Lriat are

nu-.m:,rs -a.-.- ti-- ný- a reicca~r. over

c. The action to Vall k. F CP' ' into the Technical. Data F3Ckage
will, be completed LY I :in 84.

lo -



SU=•" 1Transition of PATRIOT Air Conditioner, 18K BTU

3. U additlon~l information is required, request that you contact this office. 3
Fa THE COMMANDER:

ROBERT M. Mc.KECMIIE
Di'veopmenc Project Officer
P.ATRIOT Support Project Office

DISTSWX (Pillarick)
WCm--*D-T-C (Buie)

SIlEZ-EPAT (Brantly, Sarms)
-E (Good)
-TQ (Graham)
-DA (Cutman)
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A it- .Thp~et Maje

k. i_ . t. A

tone Arsenal, AJ~azaa 358S8 i•:

1. Delvoir R&D Center is i•n the ?rc.csS cf nzodifyirnq the lit, and 2.-4l •

Productiecn year air con~ditioners wi~h SC---- and SI-:-- serial. nu.-.be.s.
Enclosure 1 is a List of mJifiC.ij nS thet w~ill be m-ade to the air
conditicners. Six:j-t.'c ai." cc :,.tioners have been mc,•dified to eate.
A contract is ini n,.-,cat.Lcn andc s~.cu~d be awarjed in early Yatch 1964
for the muodification of the eza~i.-;g 170 air conditicn•.:~s.

2. In order to ,c:'=--.te the ":,'•.~f~icaticnj program, it. w;. be *

necessary to return al &1 e E C--- :ad 87--- serial ... ---- ,...= air coe"- ',
ditione..rs to 5elvcir. h,:.:K.:£!zace ai: zcrdit n.rsr i:05) located
at NCAD have beeon sEz:?:c t.o r,.~'-lr and will be mciif.ed as soon as
the contract is a'.:.-d •c•- ,S n-C•.':'ar to have "••., a con-" -w.w
ditioners located .:- 7t[..-.,' :- _=i_•_s. ... iAD,Zin•.MICOM
shipped to 5eivoir. ... c -r. .- l~ t-.:- ai conditioners at t~scse"-.

loain . P-as- ,;,~ *... condition~ers w~ith the 82--- "

serial nur..bered ,an•i•_ .:':.ur. :niv i.. '.,'A. •-,-'onnel,..frz.-. "his office M
will assist in tthr7 _-.•,

3. As Mistance iS - d from v'r,- oiie in t -Crcva!

"AM --DR2-X- - -G <:
Jtrotcne Arsena, Ala*_..--sm -'a 35898"X..

.... R&D isAD, athe .ECso M fod fy.nte cs-, aecund of2-d
the air czryarti r 't¢-._J. 20- _= earlnd _. so thal _ the_ mr.
air cdittorr _ .'-", .n" " ::, ;oir cont..c.- e:or hodifi-ate.
cation. It is*c.': :,c .: t , .. t is randir.- "c be

completed by 30 aw-de in ".. " 198

f'- to

.14-.

2. n oderto he roq-am itwil, b
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IO-- & 81--- S•rial N-.mbers)

I. Remove heater limit switches.

2.Relocate and install n~~w heater limit Switches.

3. Alter heater (Cal Rod) mounting brackets.

4. Rewire Time Delay Relay (KS).

S. Pt;lace conde- n-atz drain tuI:_.

61. I..spect, ass.cmble, and cpera-ic.-ally -,'-st the unit.

"7. Recrate to Level B/A packacing.
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MERAOCOM Letter - PATRIOT Air Conditioners
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DEPARTMENT OF THE ARMY
US ARMY SELV 0R RESEARCH & DEVELOPMENT CENTER

RORT BELVOIR. VIRGINIA 110l

•STRBR-EPAT
S0~EC 09 1983

SUBJECT: PATRIOT Air Condition r

Project Manager
PATRIOT Missile System, DARCOM

S4 ATTN: DRCPM-MD-T-C (Hule)
Redstone Arsenal, AL 35898

1. Reference letter, DRDME-EPAT dated 3 Oct 1983, SAB.

2. The referenced letter forwarded the results of Belvoir R&D Center (formerly
MERADCOM) evaluation of the odor problem with the 82 series PATRIOT air conditioners.
It recommended that the 82 series air conditioner be mounted on a PATRIOT shelter

and allow personnel from this office to sit in the shelter during the operation
"of the air conditioner.

3. Belvoir R&D Center personnel (Mr. Dave Larson and Mr. Frank Good) visited
Raytheon, Andover, on 10 November 1983 and demonstrated the operation of two
PATRIOT air conditioners (SN 82406 and SN 82396) on an ICC shelter. They sat

in the ICC shelter for approximately four hours and operated the two hir conditioners
"in both the high heat and low heat modes without feeling any ill effects. They
concluded that the PATRIOT air conditioners with 82 serial numbers pose no spe'tial
hazard, are safe and usable in the heat modes. A copy of their trip report dated

* 17 November 1983 i1 attached.i

3. Based on the results of Belvoir R&D Center's extensive test and evaluation of
the PATRIOT air conditioner including the demonstration of the 82 series on the
ICC shelter at Raytheon on 10Nov 83, it is recommended that the 82 series be
released for use in the PATRIOT system.

*. FOR THE COMMANDER:

Enci ROBERT M. McKECHNIE
Develonment Project Officer
PATRIOT Support Project, Office

,, CF:
DRCPM-MD-M-G (O'Donnel)

-S-D (Gustine)
DRSTS-TIB (Becknan)
STRBE-EPAT (Brantly, WaA4&c Sams)

-EM (Good)

-TQ (Graham)

*]•-
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,* DEPARTMENT OF THE ARMY I
US ARMY SELVGIR RESEARCH h DEVELOPMENT CENER

FORT BELVO R VIRGINIA 2,0

STRBE-EME 16 November, 1983 i

SUBJECT: Trip Report, 9-10 November 1983, to Andover Mass, Raytheon
Corp, regaring PATRIOT GFE Air Conditioners.

THRU: Chief, Environmental Control Systems Branch

Chief, Electromechanical Division

DPO, PATRIOT Support Project Office

TO: Chief, Engineer Service Support Laboratory

1. Short Synopsis of Travel. This was a follow up visit on an
earlier trip in July in relation to an alleged odor problem with the
air conditioners.

2. Person contacted.

Mr. Larry Somes, Raytheon Bedford

3. Discussion.

a. At the end of June this year, Raytheon reported an objec-
tionable odor coming from the first of the "82" serial numbered GFE
air conditioners that they had begun using on the PATRIOT shelters.
Because of an earlier experience with an unidentified "toxic
substance* being given off by the early model air conditioners
everyone involved was 'gun shy* about the odor report. We immediately
banned use of the "82" units and launched an investigation into what
had caused the "odor". After three months of thorough investigation
we are completely convinced that the problem arose from a new paint
odor coming from the new style finned heaters used beginning with the •
82 model units. The odor comes from amounts of outgassing from the
paint which are almost too small to measure. Tests indicated that no
toxic substances were present in the outgassing. The odor is present ,-
each time the heaters are started after being off for a while, is
most intense when the heaters first start and diminishes as the
heaters are used for a time. Different sample air conditioners used
during our tests exhibited varying amounts of odor-apparently because "
of normal production variations in the amount of paint used or the
varia-ions in using the paint.

b. Mr. David Larson and I visited Raytheon on 10 November for the
express purpose of carrying out a recommendation in a letter from the
Patriot Project Support Office to the PM, dated 3 October, that
"Belvoir R&D Center personnel---sit in the shelter during use of the
air conditioner to prove it safe". Our purpose was to restore by our
example the Raytheon people's confidence in the GFE air conditioners.

so
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STRBE- E4E 17 November, 1983SUBJECT: Trip Report, 9-10 November 1983, to Andover, Mass., Raytheon
Corp, regarding PATRIOT GFE Air Conditioners.

c. What we did was to stay for four, hours in an ICC shelter
located in the High Bay Area of Raytheons Andover plant and run the
two air conditioners in various heat modes. Although a somewhat unna-
tural use of the equipment, we felt it would make our point. The room
temperature outside the shelter was probably on the order of 68 to
72*F. The High Heat mode of the air conditioner is intended for ini-
tial warm up when starting a cold system and Low Heat mode for normal
"thermostat-controlled heating. High Heat might also be used when out-
door temperatures are extremely low. The two air conditioners on the ICC
involved were SN 82406 which had 14.1 hours on the run-time meter at
the end of our stay and SN 82396 which had 6.9.1 hours. The thermostat
controls for the air conditioners are supposed to have a xange from
60OF ("Colder") to 90*F ("Warmer').

d. We entered the ICC at 0800 hours on 10 November and started
both air conditioners in High Heat mode with the temperature controls
turned to full Warmer. Both started and ran normally. Raytheon pro-
vided us with a thermocouple and an Omega meter so that we could spot
check temperatures during our stay. Both air conditioners' fresh air
inlets were open with filters in place. Several times durnq our stayp in the shelter Raytheon employees entered to bring things in and out
of the shelter and several times Mr. Sonies came in and visited with us
for a few minutes.

e. From 0800 to 1045 we ran the two units constantly in the High
Heat/Warmer mode. Outlet temperatures coming from the air conditioner
discharge ranged from 120*F to 1500?. After interior temperatures had
stabilized (about an hour) the thermocouple clamped to a metal
interior bracket registered 110°F which was probably a reasonable
estimate of the mean interior temperature, which when measured in the
return air stream varied from 100 to 115F. When first started, the

a'• units gave off the same odor that had been detected bacX in June and
July but at a _ower level, it appeared. We have noted during tests at
"Ft. Belvoir that different units smell at different intensities.
After the first hour we no longer detected the hot-new-heater odor and
began to detect other odors such as the interior shelter wall odor or
our own body odors (we were perspiring).

f. During that first period the thermostat had the Low Heat ele-
ments turned off so long as the room temperature was over 90 0 F. The
High Heat elements run constantly, controlled only by a limit device

- which would not have swithed them off at the temperatures we were
expnriencing. At 1045 we switched both units to Low Heat/Warmer to
exercise the Low Heat elements . When we made the changeover there
was a fresh period of odor, about as strong as the original start up.

°.F-



STRBE- EME 17 November, 1983
SUBJECT: Trip Report, 9-10 November 1983, to Andover, Mass., Raytheon

Corp., regarding PATRIOT GFE Air Conditioners

Within just a few minutes we no longer smelled it, however. In Low
Heat/Warmer the room temperature dropped to about 100*F. We experi-
mented for a few minutes with the two thermostat controls and found
that the curbside unit controlled at 100 to 1030F in the full Wlarmer
position and roadside unit at 95 to 99*F. With both on full, the
curbside unit dominated, being able to maintain the shelter at tem-
perature by itself. In this experimenting we found that the roadside
unit produced no noticeable change in odor when switched on whereas
the curbside unit produced a brief noticable burst ot odor when turned
on. Interestingly the non-smelling roadside unit showed the higher
run time (69.1 hours vs 14.1).

g. At 1200 hours we shut both units down and ended our
demonstration-of-confidence. Neither of us felt ill effects. The 4
hours stay in the cramped quarters of the ICC at 100 to 115?F was less-
than-pleasant but we feel sure that there is no risk of harm from the 9
heater odor.

4. Conclusion. The GFE PATRIOT air conditioners with 82 serial nuA- •
bers pose no special hazard because of the use of the new painted
heater elements. There is an odor that apparentlly varies from one
unit to another and that recurs as a "new paint smell" each time the
heaters are restarted for some undetermined length of operating time.
In short, the air conditioners are safe and useable in the heat modes.

; •., /..,""

FRAPýKLYN P. GOOD
Project/ Engineer

I have read Mr. Good's report, concur with his statements and conclu-
sions and wish to make this a joint trip report.

DAVID A.LARSON
Patriot Project Support Office

71.


